
192 Zinc Oxide and Hydroxide

COMPONENTS:
(1) Zinc hydroxide; Zn(OH)2; [20427-58-1]

(2) Sodium hydroxide; NaOH; [1310-73-2]

(3) Water; H20; [7732-18-5]

VARIABLES:
Concentration of Sodium hydroxide.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Rubenbauer, J. Z. AnOJLg. AUg. Chem. 1902,

30, 331-7.

PREPARED BY:
T. P. Dirkse

Solubility of Zn(OH)2 in aqueous NaOH.

g Na/20 ccm CNaOH/mol
_3a

g Zn/20 ccm CZnO/mol
_3a

dm dm

0.1012 0.220 0.0040 0.00306
0.1978 0.430 0.0150 0.0115
0.4278 0.930 0.0442 0.0338
0.6670 1.451 0.l771b 0.135
0.9660 2.101 0.9630 0.736
1.4951 3.252 0.2481 0.190
2.9901 6.503 0.3700 0.283

a Calculated by the compiler.

b This result appears to be an error.

The author says that shaking the mixture for 10 hours gave the same zinc content
as obtained after shaking for only 5 hours.

The author further notes that in the most concentrated NaOH solution the Zn(OH)2
dissolved very rapidly but then almost immediately precipitated out of solution.
This transient zinc content was about 10 times the value at equilibrium.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The mixtures of moist Zn(OH)2 and aqueous
NaOH were shaken vigorously for about
5 hours. A small sample was filtered, and
the filtrate was analyzed for zinc content
by precipitating the zinc as ZnC03 , heating
it, and weighing the ZnO. No temperature
is stated in the article but it appears that
the solubility values were determined at
room temperature.

SOURCE AND PURITY OF MATERIALS:

Zn(OH)2 was prepared by adding NaOH to
aqueous ZnS04• The precipitate was washed
and then dried on a clay plate. The NaOH
was prepared from metallic Na and was
carbonate-free.

ESTIMATED ERROR:

No details are given.

REFERENCES:
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COMPONENTS:
(1) Zinc hydroxide; Zn(OH)2; [20427-58-1]

(2) Sodium hydroxide; NaOH; [1310-73-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of NaOH at 25°C.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Wood, J. K. J. Chern. Soa. 1910, 97, 878-90

PREPARED BY:

T. P. Dirkse

Solubility of Zn(OH)2 in aqueous NaOH at 25°C.

mol Zn(II) dm-3

0.00311

0.0057

0.0129

0.0425

mol Na(I) dm-3

0.2636

0.3871

0.5414

0.9280

From the first two data points in the above Table the author calculates the
solubility of Zn(OH)2 in water at 25°C to be 0.00078 mol dm-3•

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:
Equilibrium was reached isothermally and
was determined by repeated analyses. The
analytical procedures are not mentioned
or described.

SOURCE AND PURITY OF MATERIALS:
The Zn(OH)2 was prepared by precipitation
from ZnS04 with NaOH. The precipitate was
washed thoroughly before being used. The
source or purity of the other materials
is not mentioned.

ESTIMATED ERROR:

No details are given.

REFERENCES:



194 Zinc Oxide and Hydroxide

COMPONENTS:
(1) Zinc oxide; ZnO; [1314-13-2]

(2) Chromium(VI) oxide; cr03; [1333-82-0]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of Cr0
3

at 25°C.

ORIGINAL MEASUREMENTS:
Groger, M. Z. Ana~g. Chern. 1911, 70, 135-44.

PREPARED BY:

T. P. Dirkse

EXPERIMENTAL VALUES:
Solubility of ZnO in aqueous Cr0

3
at 25°C.

-3
Ccro/mol dm

0.00010
0.00010
0.00010
0.00604
0.0214
0.0419
0.114
0.115
0.222
0.314
0.431
0.575
0.665
0.667
0.706

-3
CZnO/mol dm

0.00016
0.00016
0.00016
0.00503
0.0142
0.0275
0.0717
0.0723
0.131
0.183
0.247
0.328
0.372
0.373
0.394

-3
CcrO/mol dm

0.933
1.01
1.51
1.92
1.92
2.85
3.92
4.50
4.61
4.63
4.75
5.74
6.60
7.69
8.79
9.70

0.510
0.552
0.812
1.03
1.03
1.51
2.06
2.34
2.41
2.42
2.48
2.94
3.37
3.90
4.35
4.78

Five individual zinc chromates were identified by the author: 4ZnO'Cr03 '3H20;
3ZnO'cr0

3
'2H20; 4ZnO'2cr0

3
'3H

2
0; 3ZnO'2Cr0

3
'H

2
0; ZnO·Cr0

3
·H

2
0.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

A slurry of ZnO and chromic acid was No details are given.
prepared and placed in a flask. The mixture
was shaken in a thermostat at 25°C for 3 days
The solid and liquid phases were separated
from each other by filtration. The chromium
content was determined by iodometric
titration. The ZnO content was determined
indirectly. A measured amount of solution
was placed in a crucible together with a
weighed amount of ZnO and evaporated on a
water bath. The precipitate was dried,
weighed, and analyzed for Cr203' This value,~=~=~=~--------------f
together with the known amount of Cr in the ESTIMATED ERROR:
solution, was used to calculate the ZnO
content of the solution. No details are given.

REFERENCES:
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COMPONENTS:
(1) Zinc oxide; ZnO; [1314-13-2]

(2) Phosphorus(V) oxide; PZ05; [1314-56-3]

(3) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:

Eberly, N. E.; Gross, C. V.; Crowell, W. S.
J. Am. Chern. Soc. 1920, 42, 1433-9.

VARIABLES: PREPARED BY:

Concentration of P205 and temperature. T. P. Dirkse

EXPERIMENTAL VALUES:

Solubility of ZnO in phosphoric acid solutions at 25°C.

mass % P205 mass % ZnO mass % P205 mass % ZnO

5.08 2.38 28.70 13.48
9.76 4.65 30.09 14.16

12.42 6.13 32.55 15.40
13.52 6.56 33.79 15.82
14.00 6.74 37.15 17.30
14.15 6.92 37.76 17.65
14.37 6.97 39.61 18.04
14.83 7.34 42.05 16.14
15.98 7.71 44.53 13.20
17.15 8.26 48.70 9.58
18.33 8.73 52.25 7.64
22.75 10.74 55.97 7.23
26.48 12.47

In no instance was ZnO the solid phase. All solid phases were types of zinc
phosphate: Zn3(P04)t4H20; ZnHP04 ·3HZO; Zn(H2P04)2·2H20.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Slightly supersaturated solutions were made U. S. P. grade materials were used.
up and allowed to form a precipitate on
standing (with occasional agitation) in a
constant temperature bath. Analyses were
repeated at 2 week intervals until constant
results were obtained. Phosphoric acid was
determined gravimetrically as magnesium
pyrophosphate. ZnO content was determined
by titration with K4Fe(CN)6. The composition
of the solid was determined by the
Schreinemakers' wet-residue method.

ESTIMATED ERROR:

The temperature was controlled to within
O.loC at Z5°C and to within 0.25°C at 37°C.
No other details are given.

REFERENCES:
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COMPONENTS ORIGINAL MEASUREMENTS

(1) Zinc oxide; ZnO; [1314-13-2] Eberly, N. E.; Gross, C. V.; Crowell, W. S
J. Am. Chern. Soc. 1920, 42, 1433-9.

(2) Phosphorus(V) oxide; P205; [1314-56-3]

(3) Water; H20; [7732-18-5]

EXPERIMENTAL VALUES, contd. - - - -

Solubility of ZnO in phosphoric acid solutions at 37°C.

mass % P205 mass % ZnO mass % P205 mass % ZnO

------
4.87 2.08 37.80 15.78
9.46 4.12 39.93 16.12

13.60 6.27 42.42 15.81
18.13 8.78 42.65 16.82
19.48 9.66 44.89 17.83
20.32 10.16 46.11 18.05
21.96 10.88 46.41 14.74
26.75 13.26 48.99 12.55
29.65 14.77 51.35 11.26
33.39 17.06 51.92 11.12
34.58 17.92 54.32 10.82
36.13 16.00

In no instance was ZnO the solid phase. The only solid phase identified
was ZnHP04 ·H20.
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COMPONENTS:

(1) Zinc oxide; ZnO; [1314-13-2]

(2) Sodium hydroxide; NaOH; [1310-73-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of NaOH at 30.0°C.

ORIGINAL MEASUREMENTS:

Goudriaan, F. PMC.. Ac.a.d. ScL Am6.teJ1..dam
.l21.2, 22, 179-89-; Rec. • .tJr.a.v. CfWn. 1920,
39, 505-14.

PREPARED BY:

T. P. Dirkse

EXPERIMENTAL VALUES:
Solubility of ZnO in aqueous NaOH at 30.0°C.

mass % Na20 mass % ZnO mass % H
2
O Solid

phase
--

11.8 2.6 85.6 ZnO
17.4 5.0 77 .6 II

24.6 12.6 62.8 II

24.9 12.9 62.2 II

23.7 11.3 65.0 II

27.3 16.0 56.7 II

27.8 16.5 55.7 ZnO + Na20·znO·4H2O
28.0 14.9 57.1 Na2~;ZnO'4H20
33.5 10.9 55.6
36.7 9.5 53.8 II

31.8 11.7 56.5 II

30.1 13.2 56.7 II

33.2 11.2 55.6 II

31.5 11.8 56.7 II

36.9 10.1 53.0 II

34.7 10.4 54.9 II

36.1 10.2 53.7 II

36.8 9.9 53.3 II

39.2 9.7 51.1 Na20'znO'4H
O

O + NaZO'3H
Z

O
39.4 9.0 51.6 NaZ~;3HZ
39.6 7.Z 53.2
40.7 Z.O 57.3 II

40.5 1.6 57.9 II

40.9 1.1 58.0 II

41.9 0.0 58.1 II

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Equilibrium was reached isothermally. No
mention is made of any of the analytical
procedures that were used. The composition
of the solid phase was determined by the
Schreinemakers' wet-residue method.

SOURCE AND PURITY OF MATERIALS:

The NaOH was prepared from metallic sodium.
The ZnO was prepared by heating ZnC03 or by
heating the precipitate formed when
the calculated quantity of NH40H was added
to a solution of Zn(N03)Z' Distilled
water was boiled before use.

ESTIMATED ERROR:

No details are given.

REFERENCES:



198 Zinc Oxide and Hydroxide

COMPONENTS:

(1) Zinc hydroxide; Zn(OH)2; [20427-58-1]

(2) Sodium hydroxide; NaOH; [1310-73-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of NaOH at 30.0°C.

ORIGINAL MEASUREMENTS:

Goudriaan, F. P4ac. Acad. Sci. Am¢tendam
1919, 22, 179-89; Rec. tnav. Chhn. 1920,
~505-l4.

PREPARED BY:

T. P. Dirkse

EXPERIMENTAL VALUES: Solubility of Zn(OH)2 in aqueous NaOH at 30.0°C.

Solid
No. mass % Na20 mass % ZnO mass % H2O phase

-- ----- ---
26 24.6 12.5 62.9 ZnO
27 19.9 15.2 64.9 Zn,~OH)2
28a 4.6 LO 96.4
29 4.5 0.4 95.1 ZnO
30 13.7 7.2 79.1 Zn(OH)2
31 10.1 4.7 85.2 II

a These mass % values do not add up to 100.

The author maintains that Zn(OH)2 is metastable with respect to ZnO and the results in
the above Table are intended to support this claim. Zn(OH)2 was the solid phase added
to each of the solutions in the above Table. In Nos. 27, 28, 30 and 31 only 24 hours
elapsed before analysis and in each case the solid phase is still Zn(OH)2' In No. 26
at least 2 weeks elapsed before the analysis was made, and in No. 29 3 weeks elapsed
before the filtrate was removed and analyzed. During this period of standing the solid
phase changed to ZnO.

Where Zn(OH)2 is the solid phase, the solubility values of Zn(II) in solution are much
larger than for solutions made by dissolving ZnO in aqueous NaOH. When ZnO is the solid
phase (Nos. 26, 29) the solubility values are the same as for solutions in which ZnO
is dissolved in aqueous NaOH.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Equilibrium was reached isothermally. No
mention is made of any of the analytical
procedures. The composition of the solid
phase was determined by the Schreinemakers'
wet-residue method.

SOURCE AND PURITY OF MATERIALS:

NaOH was prepared from metallic sodium.
Distilled water was boiled before being
used. The Zn(OH)2 was prepared by dropwise
addition of a solution of ZnS04 to a KOH
solution until a turbidity persisted. On
standing, this solution gave a heavy, sandy
precipitate of Zn(OH)2'

ESTIMATED ERROR:

No details are given.

REFERENCES:
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COMPONENTS:

(1) Zinc hydroxide; Zn(OH)2; [20427-58-1]

(2) Sodium hydroxide; NaOH; [1310-73-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of NaOH and temperature.

ORIGINAL MEASUREMENTS:

Dietrich, H. G.; Johnston, J. J. Am. Chern.
Soc. 1927, 49, l4l9-3l.

PREPARED BY:
T. P. Dirkse

EXPERIMENTAL VALUES:

Solubility of Zn(OH)2 in NaOH solutions.

mol NaOH dm-3 1000Ra mol NaOH dm-3

-- --
temp. , 25°C. temp. , O°C.

0.1554 7.513 0.5652 22.29
0.3416 16.50 1.204 47.02
0.5430 25.39 1. 781 68.94
0.8641 40.17 2.398 89.37
1.167 55.21 3.003 114.2
1.395 65.52
2.700 125.3 temp. 35°C.
3.364 150.4
6.69 279.7 0.5679 29.60

0.9618 49.32
1.383 68.84
1. 710 86.54
2.456 122.9

a per mole of alkali.R = number of moles of Zn(OH)2

Extrapolation of the value~5in the above Table gives the solubility of Zn(OH)2
in water at 25°C as 2 x 10 mol/kg H20.

By measuring the e.m.f. of t~I7cell: 5nIZn(OH)2!NaOH (aq)IHgOIHg, the authors
obtained a value of 3.3 x 10 for Kso at 25°C.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Equilibrium was approached from
undersaturation and from supersaturation.
The mixture was rotated in a thermostat for
24 hours, by which time equilibrium (as
determined by analysis) had been reached.
A portion of the filtrate was added to
excess HCl and back-titrated with NaOH.
The zinc content was determined by
electrometric titration with K4Fe(CN)6 (1).

SOURCE AND PURITY OF MATERIALS:

Zn(OH)2 was prepared by adding the
calculated quantity of NH40H to a solution
of a zinc salt, separating and washing the
precipitate, dissolving the precipitate in
excess NH40H. and then allowing the NH3 to
evaporate. The NaOH was carbonate-free.
Distilled water was used throughout.

ESTIMATED ERROR:

The average deviation was below 0.5%.

REFERENCES:

1. Willard, H. H.; Fenwick, F. J. Am. Chern.
Soc. 1922, 44, 2504, 2516.



200 Zinc Oxide and Hydroxide

COMPONENTS:

(1) Zinc hydroxide; Zn(OH)2; [20427-58-1]

(2) Ammonium hydroxide; NH40H; [1336-21-6]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of ammonium hydroxide and
temperature.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Dietrich, H. G.; Johnston, J.
J. Am. Ch~. Soc. 1927, 49, 1419-31.

PREPARED BY:

T. P. Dirkse

Solubility of Zn(OH)2 in NH40H s~lutions.

-3 a -3 1000Ramol NH40H dm 1000R mol NH40H dm

--- --
temp. , 25°C temp. O°C.

0.1569 4.916 0.5099 20.07
0.2402 7.584 1.152 32.78
0.5527 15.32 1.517 40.73
0.6468 17.64 1. 739 43.14
1.088 26.11 2.455 52.13
1.265 29.44 3.344 62.32
1.697 34.06
2.416 42.85 temp. , 35°C
3.753 51.55
5.086 55.90 0.4781 12.55

0.5049 13.11
1.035 22.58
1. 753 31.18
2.432 37.68

a R = number of moles of Zn(OH)2 per mole of alkali.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Equilibrium was approached from
undersaturation and from supersaturation.
The mixtures were rotated in a thermostat
for 24 hours, by which time equilibrium
(as determined by analysis) had been reached
A portion of the filtrate was added to
excess HCl and back-titrated with NaOH.
The zinc content was determined by
electrometric titration using K4Fe(CN)6 (1).

SOURCE AND PURITY OF MATERIALS:

Zn(OH)2 was prepared by adding the
calculated quantity of NH40H to a solution
of a zinc salt, separating and washing the
precipitate, dissolving the precipitate in
excess NH40H, and then allowing the NH3 to
evaporate. Chemically pure NH

4
0H was

distilled. Distilled water was used as
solvent.

ESTIMATED ERROR:

The average deviation was below 0.5%.

REFERENCES:

1. Willard, H. H.; Fenwick, F.; J. Am. Ch~.

Soc. 1922, 44, 2504, 2516.
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COMPONENTS:

(1) Zinc oxide; ZnO; [1314-13-2]

ORIGINAL MEASUREMENTS:

Muller, Eo; Muller, J.; Fauvel, A.
Z. Elektnuch0n•. 1927, 33, 134-44.

(2) Sodium hydroxide; NaOH; [1310-73-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of NaOH at 30°C.

EXPERIMENTAL VALUES:

PREPARED BY:

To Po Dirkse

Solubility of ZnO in NaOH solutions at 30°C.

-3mol NaOH dm

2.11
4.05
6.09
8.27
8.27
9.81
9.81

12.12
14.50
16.04

-3 amol Zn(OH)2 dm

0.073
0.333
0.702b1.l52b1.190
1.470c

1.522c

2.310
3.027
3.647

a These values were determined after 60 days of shaking.

b,c In the second set of results in each of these pairs, a larger amount (almost
double) of solid phase was added to the original NaOH solutions.

The authors stress that the NaOH concentrations include that which has reacted with
the ZnO. The values are not necessarily the equilibrium concentrations of NaOHo

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Equilibrium was reached isothermally with
agitation. Zinc content was determined by
potentiometric titration with K

4
Fe(CN)6'

Total alkali content was determ~ned by
titration with Hel.

SOURCE AND PURITY OF MATERIALS:

The NaOH was carbonate-free. ZnO was
produced by heating the precipitate
formed when NaOH was added to a solution
of pure Zn(N03)2' The water was boiled
before use.

ESTIMATED ERROR:

The precision of the zinc titration was
0.6%. No other details are given.

REFERENCES:



202 Zinc Oxide and Hydroxide

COMPONENTS:

(1) Zinc hydroxide; Zn(OH)2; [20427-58-1]

(2) Sodium hydroxide; NaOH; [1310-73-2]

(3) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:

Muller, E.; Muller, J. Fauvel, A.
Z. Elektnoch~. 1927, 33, 134-44.

VARIABLES: PREPARED BY:

Concentration of sodium hydroxide at 30°C. T. P. Dirkse

EXPERIMENTAL VALUES:

Solubility of Zn(OH)2 in NaOH solutions at 30°C.

-3 -3 a nature of
mol NaOH dm mol Zn(OH)2 dm solid phase

3.97 0.595 crystalline
7.15 2.271b crystalline
9.87 1.883 amorphous

a These values were determined after the solutions had been shaken for two weeks.

b In this experiment the Zn(OH)2 content after 1 day was 4.363 mol dm-3 and the
precipitate was still crystalline.

The authors also made several solubility measurements with amorphous Zn(OH)2
(formed by adding NaOH slowly to a solution of Zn(N03) and avoiding an excess
of NaOH) , However, during these determinations the so~id phase changed, The
authors refer to this as ageing and consider the process to be, among other
things, a loss of water. This ageing is affected by various experimental
conditions and decreases the solubility of the solid material.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Equilibrium was reached isothermally with
agitation. Zinc content was determined by
potentiometric titration with K4Fe(CN)6'
Total alkali content was determined by
titration with HCl.

SOURCE AND PURITY OF MATERIALS:

The NaOH was carbonate-free. Crystalline
Zn(OH)2 was prepared by adding an exce~~

of amorphous Zn(OH)2 to 15 mol NaOH dm ,
shaking the mixture, filtering it, and
diluting the filtrate with water. The
diluted solution then gave a precipitate
of crystalline Zn(OH)2' The water was
boiled before being used.

ESTIMATED ERROR:

The precision of the zinc titration was
0.6%. No other details are given.

REFERENCES:
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COMPONENTS:
(1) Zinc hydroxide; Zn(OH)2; [20427-58-1]

(2) Sodium hydroxide; NaOH; [1310-73-2]

(3) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:

Fricke, R.; Humme, H.; Z. AItOJtg. AUg em.
Chem. 1928, 172, 234-42.

VARIABLES: PREPARED BY:

Concentration of sodium hydroxide at 30.0°C T. P. Dirkse

EXPERIMENTAL VALUES: Solubility of Zn(OH)2 in NaOH solutions at 30.0°C.

ml of % H2O nature
grams of NaOH duration in of

Zn(OH)2 solution of mass % mass % solid solid
used used shaking NaOH ZnO phase phase

--- --- --- ---
2 20 23 hrs 7.20 1.44 - - - crystalline
2 20 8 days 7.02 1.415 - - - "
4 20 23 hrs 13.4 5.16 - - - "
4 20 8 days 13.2 5.15 - - - "
5 20 2.5 hrs 17.65 9.77 - - - "
5 20 23 hrs 17.85 9.63 - - - "
5 20 8 days 17.75 9.85 18.22 "
6 15 2.5 hrs 20.85 14.82 - - - "
6 15 23 hrs 21.0 14.77 - - - "
6 15 8 days 22.05 8.66 1.1 amorphous
7 15 2.5 hrs 22.95 19.42 - - - crystalline
7 15 23 hrs 23.0 18.82 - - -
7 15 8 days 24.65 12.81 1.0 amorphous
8 15 2.5 hrs 24.55 24.87 - - - crystalline
8 15 23 hrs 25.75 21.86 - - - amorphous
8 15 8 days 28.25 13.77 1.4 "
9 15 2.5 hrs 30.2 24.68 - - - "
9 15 23 hrs 30.95 23.17 - - - "
9 15 8 days 31.75 21.59 2.15 "

The authors present qualitative evidence which shows that the solubility of Zn(OH)2 in
NaOH solutions does not depend on the amount of excess solid phase.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Equilibrium was reached isothermally. The
NaOH solutions were made by dilution of a
concentrated carbonate-free solution.
Distilled water was used and was boiled
before use. Zinc content was determined by
precipitating ZnC03! heating it, and
weighing as ZnO. Alkali content was
determined by titrating a diluted solution
with HCl. The precipitates were analyzed
for H20 content by measuring the weight
loss during heating.

SOURCE AND PURITY OF MATERIALS:

Crystalline Zn(OH)2 was prepared by the
method described earlier (1). Presumably
this involved adding the requisite amount
of NH40H to a solution of Zn(N03) or
ZnC1

2
, washing the precipitate, dtssolving

it in aqueous NaOH and slowly diluting the
resulting solution. The Zn(OH)2 that then
precipitates is granular.

ESTIMATED ERROR:
No details are given as to the
reproducibility of the solubility values.

REFERENCES:

1. Fricke, R.; Ahrndts, T. Z. Alto~g. Attgem
Chem. 1924, 134, 344.



204 Zinc Oxide and Hydroxide

COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Zinc oxide; ZnO; [1314-13-Z]

Holland, H. C. J. Chern. Soc. 1930,
(Z) Zinc chloride; ZnC1Z; [7646-85-71 643-8.

(3) Water; HZO; [773Z-18-5]

VARIABLES: PREPARED BY:

Concentration of ZnC1 Z and temperature. T. P. Dirkse

EXPERIMENTAL VALUES: Solubility of ZnO in ZnC1Z solutionsa •

solidb
solidb

x y phase x y phase

temp. , Z5°C
0.001 0.001 E 0.155 0.165 F
0.009 0.009 " 0.16Z 0.169 "
0.033 0.034 " 0.165 0.173 "
0.034 0.035 " 0.163 0.172 G

0.049 0.050 " 0.172 0.177 "
0.075 0.078 " 0.184 0.193 "
0.094 0.097 " 0.191 0:196 "
0.113 0.119 " 0.195 0.198 "
0.134 0.14Z " O.ZOZ 0.Z09 "
0.146 0.155 E + F 0.Z45 0.Z52 "
0.151 0.163 F 0.Z64 0.269 "

temp. , 50°C.
0.009 0.009 E 0.159 0.167 G

0.091 0.095 " 0.160 0.168 "
0.143 0.153 " 0.165 0.171 "
0.144 0.153 F O.ZOO 0.Z05 "
0.154 0.161 "

a The values are mass% values based on the equation
1/2H

Z
O + 1/ZZnC1

2
= HC1 + l/ZZnO where x = (b + c)/(a + b + c + d) and

abc d
y = (b + d) /(a + b + c + d).

b E = ZnC1
Z

'5znO'8H
Z
O; F = ZnC1Z'ZnO'ZHZO; G = ZnC1 Z·ZnO·HZO.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Equilibrium was reached isothermally by
mixing ZnO, ZnCI

Z
(or HC1) and H20 and

shaking the mixture for several aays in a
thermostat. Chloride was determined by the
Vo1hard method. Zinc was determined by
titration with K4Fe(CN)6' The composition
of the solid phase was determined by the
Schreinemakers' wet-residue method.

SOURCE AND PURITY OF MATERIALS:

All reagents were of a high standard of
purity.

ESTIMATED ERROR:

The temperature was controlled to within
O.l°C at Z5°C and to within 0.05°C at 50°C.
All apparatus was standardized. No other
.1nt-"n ~ "~n ~i"n"

REFERENCES:
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COMPONENTS:

(1) Zinc oxide; ZnO; [1314-13-2]

ORIGINAL MEASUREMENTS:

Huttig, G. F.; Steiner, B. Z. Anong. Attg.
Chern. 1931, 799, 149-64.

(2) Potassium hydroxide; KOH; [1310-58-3]

(3) Water; H20; [7732-18-5]

VARIABLES:

Physical characteristics of zinc oxide.

EXPERIMENTAL VALUES:

PREPARED BY:

T. P. Dirkse

Table I. Effect of the thermal history on the solubility of ZnO
in 0.2822 mol KOH/dm-3 at 20·C.

-3 -3

ZnO
b Czn2/10 mol dm

T/·C. a mol 10 min. o min. 30 min. 90 min.

---
300 0.005 2.31 2.35 2.40 2.49
300 0.01 2.37 2.49 2.51 2.55
300 0.02 2.64 2.64 2.62 2.58
400 0.005 1.29 1.51 1.63 1. 78
400 0.01 1.38 1.54 1.66 1.81
400 0.02 1.56 1.58 1.64 1. 76
500 0.005 1.06 1.33 1.45 1.51
500 0.01 1.05 1.30 1.43 1.55
500 0.02 1.08 1.29 1.42 1.56
800 0.01 0.83 1.27 1.34 1.45

1000 0.005 0.80 1.09 1.29 1.47
1000 0.01 0.79 1.13 1.30 1.49
1000 0.02 0.78 1.16 1.34 1.46

a The ZnO was prepared by heating ZnC0
3

to the temperatures indicated in this column.

b Amount of solid ZnO used in the solubility determinations.

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:METHOD/APPARATUS/pROCEDURE:

A weighed amount of ZnO was placed in a
beaker, thermostatted at 20·C, and then 0.5
dm 3 of 0.2822 mol KOH dm- 3 was added while
the mixture was stirred at a constant rate
of 650 rpm. Samples were removed after 10,
20, 30 and 90 minutes, filtered, and analyzec
for zinc content. The analysis was done
gravimetrically by weighing zinc as ZnP207'
Provisions were made for excluding C02
during the experimental work.

The KOH was carbonate-free.
details are given.

ESTIMATED ERROR:

No other

"'n8 \I.23-H

No details are given about the
reproducibility of any of the procedures.

REFERENCES:
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COllPONENTS; ORIGINAL lIEASURE:mNTS:

(1) Zinc oxidc; ZnO; [1314-13-2] Huttig, G. F.; Steincr, B. Z. Anong. Ateg.
Chem. 1931, 199, 149-64.

(2) Potassium hydroxide; KOH, [1310-58-3]

(3) Watcr; H20; [7732-18-5]

EXPERI}ffiNTAL VALUES: contd.

Tablc II. Effect of previous history_~n the solubility of ZnO
in 0.2822 mol KOli/dm at 20°C.

mol ZnOb CznO!l0-3mol dm- 3
T/oCa

10 min. 20 min. 30 min. 90 min.

---
400 0.005 1.47 1.88 2.08 2.15
400 0.01 1.56 1.98 2.18 2.21
400 0.02 1.93 2.30 2.30 2.37

1000 0.005 0.82 1.12 1.29 1.51
1000 0.01 0.82 1.16 1.31 1.43
1000 0.02 0.86 1.11 1.34 1.47

a The ZnO was prcpared by heating zinc oxalate to the tcopcratures shown in this column.

b Amount of solid ZnO used in the solubility detcrminations.

Table III. Effect of particle size o~3the solubility of ZnO in
0.2822 mol KOH dm at 20°C.

particle size -3 -3

T/oca CznO/lO mol dm
of ZnO

10 min. 20 min. 30 min. 90 min.

---
300 240-100].1 2.21 2.40 2.48 2.56
300 70-50].1 2.35 2.45 2.53 2.57
300 <50].1 2.40 2.46 2.50 2.58

1000 240-100].1 0.63 0.98 1.16 1.38
1000 70-50].1 0.80 1.14 1.34 1.48
1000 <50].1 0.83 1.11 1.29 1.53

a The ZnO was prepared by heating ZnC0
3

to the temperatures given in this column.

The authors state that the solubility value determined after 90 min is the equilibrium
value. They state that the concentration does not change with longer timcs.
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COMPONENTS:

(1) Zinc oxide; ZnO; [1314-13-2]

(2) Sodium hydroxide; NaOH; [1310-73-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of NaOH at 20°C.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Scholder, R.; Hendrich, G. Z. A~a~g. Attg0n.
Ch0n. 1939, 241, 76-92.

PREPARED BY:

T. P. Dirkse

Solubility of ZnO in NaOH solutions at 20°C.

-3 -3 Solid Duration
mol NaOH dm mol ZnO dm phase of shaking

in days

---
1.34 0.047 ZnO 24
2.84 0.212 II 29
6.10 0.834 II 29
9.49 1. 734 II 29

12.72 2.744 II 24
14.42 2.535 NaZn(OH)3 24
17.45 1.795 II 24

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Equilibrium was reached isothermally.
Alkali content was determined by dissolving
the sample in H2S04 and back-titrating with
NaOH. The zinc content was determined
gravimetrically as pyrophosphate.

SOURCE AND PURITY OF MATERIALS:

Pure, carbonate-free NaOH was used. The
ZnO was formed by saturating boiling NaOH
solution with ZnO, cooling, filtering, and
adding crystalline Zn(OH)2 to the filtrate.
After 12 days the Zn(OH) had been
transformed to ZnO and tflis was filtered
off and dried over H2S04 ,

ESTIMATED ERROR:

No details are given except that the
temperature was controlled to within O.loC.

REFERENCES:
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COMPONENTS:

(1) Zinc hydroxide; Zn(OH)2; [20427-58-1]

(2) Sodium hydroxide; NaOH; [1310-73-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of sodium hydroxide and
temperature.

ORIGINAL MEASUREMENTS:

Scholder, R.; Hendrich, G. Z. A~04g. Attgern.
Chern. 1939, 241, 76-92.

PREPARED BY:

T. P. Dirkse

EXPERIMENTAL VALUES: Solubility of Zn(OH)2 in NaOH solutions at 20°C.

duration

-3 -3 Solid of shaking
mol NaOH dm mol ZnO dm phasea in days

1.32 0.079 A 69
2.76 0.344 " 69
4.15 0.407 B 161
5.81 0.735 " 192
7.29 1.095 " 190
8.76 1.555 " 154
8.78 3.443 A + B 1.7
9.45 1.088 B 185
9.80 1.822 " 185

10.11 1.940 " 185
10.67 2.680 C 57
11.04 2.751 B + C 73
12.24 3.240 B 126
12.80 3.606 B + C 126
13.34 3.071 D 44
14.25 2.576 " 57
15.76 2.115 " 82
16.52 1.944 " 204
17.18 1.863 " 19
17.82 1. 778 " 46
18.77 1. 716 " 38
19.58 1.685 " 38
20.00 1.475 E 42
20.14 1.425 E + F 32

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Equilibrium was reached isothermally.
Samples were added to H2S04 and back
titrated with NaOH to determine alkali
content. Zinc content was determined
gravimetrically as the pyrophosphate.
The same methods were used to analyze the
solution and the solid phases.

SOURCE AND PURITY OF MATERIALS:

The NaOH was carbonate-free. Crystalline
Zn(OH) was prepared by dissolving ZnO in
a hot haOH solution, cooling this, diluting
it tenfold with water and allowing it to
stand 2 to 3 weeks. During this time the
crystalline Zn(OH)2 precipitated from the
solution.

ESTIMATED ERROR:

The temperature was controlled to within
O.loC., but no other details are given.

REFERENCES:
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COlfPONENTS : ORIGINAL MEASUREMENTS:

(1) Zinc hydroxide; Zn(OH)2; [20427-58-1) Scho1der, l{.; Hendrich, G. Z. AnOJtg.
AUg em. Chem. 1939, 241, 76-92.

(2) Sodium hydroxide; :laOH; [1310-73-2)

(3) \';ater; H2O; [7732-18-5)

EXPERIHENTAL RESULTS, contd. -----

Solubility of Zn(OH)2 in NaOH solutions. Duration

-3 -3 Solida of shaking
mol NaOH dm mol ZnO dm phase in days

---
temp. , 40°C

1. 32 0.09 A+B 79
2.93 0.45 II 79
4.17 0.41 B 79
9.30 1.81 II 79

12.67 3.03 II 79
13.24 3.78 D 27
16.48 2.61 II 38
17.59 2.41 II 38
20.52 1.84 D + E 38
21.94 1.33 E + F 10

temp. , 100°C.

1.48 0.04 B 14
4.64 0.42 II 8
8.05 1.19 II 7

11.15 2.16 II 6
15.98 3.91 II 6
17.84 4.79 II 4
18.67 5.16 II 4
18.75 5.49 B + D 5
20.84 5.35 D 11

a A = Zn(OH)2; B = ZnO; D = NaZn(OH)3; E = Ha2Zn(OH)4; F = NaOH'H2O
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COMPONENTS:
(1) Zinc oxide; ZnO; [1314-13-2]

(2) Sulfur trioxide; 50
3

; [7446-11-9]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of 50
3

at 25.0°C.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Copeland, L. C.; Short, O. A. J. Nn. Chern.

Soc. 1940, 62, 3285-91.

PREPARED BY:

T. P. Dirkse

Equilibrium concentrations in the ZnO-S0
3
-H20 system at 25°C.

a a Solidbmass % 50
3

mol SO/kg H2O mass% ZnO mol ZnO/kg H2O phase

1.9 0.25 1.8 0.23 A
4.4 0.60 4.4 0.59 II

8.0 1.19 8.1 1.19 II

10.7 1.70 10.7 1.67 II

13.6 2.33 13.6 2.30 II

14.5 2.55 14.5 2.51 II

17.6 3.39 17.6 3.34 II

18.3 3.61 18.3 3.55 A+B

a Calculated by the compiler.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

Mixtures of ZnO and ZnS04 solutions were U. S. P. grade materials were used.
boiled, filtered to remove undissolved ZnO,
and cooled to 25°C. The filtrate was
allowed to set for about 4 weeks with
occasional shaking. Zinc content was
determined by titration with K4Fe(CN)6. 503
content was determined gravimetrically by
precipitation as BaS04•

ESTIMATED ERROR:
The authors state that duplicate mixtures
agreed to within 2 to 3%.

REFERENCES:
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COMPONENTS:
(1) Zinc oxide; ZnO; [1314-13-2]

(2) Potassium hydroxide; KOH; [1310-58-3]

(3) Water; H20; [7732-18-5]

VARIABLES:
Temperature and KOH concentration.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Iofa, Z. A.; Mirlina, S. Ya.; Moisiejeva,
N. B. Zhwz.. PILi.f?-e.ad KfUm. 1949, 22,
983-94.

PREPARED BY:
T. Michalowski

The data are presented almost exclusively in graphical form. The maximum solubility
at O°C is 2.81 mol kg-l of 2nO in 8.1 mol kg-l of KOH. Up to this KOH concentration
the solubility of 2nO increases with increasing KOH concentration and 2nO is the
equilibrium solid phase. At a KOH concentration of 8.1 mol kg-l the zinc begins to
precipitate as a zincate and the solubility of 2nO in aqueous KOH then decreases rapidly
with increasing KOH concentration.

At 30°C the solubility of 2nO also increases with increasing KOH concentration, but
more rapidly than at 0°, so that in a KOH concentration of 7 mol kg-l the 2nO solubility
at 30°C is almost double that at O°C.

The authors also describe the various forms of 2n(OH)2--a,~,y, and c. The solubility
decreases with increasing stability, with c-2n(OH)2 being the most stable form.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Equilibrium was attained isothermally at
0, 15 and 30°C in a thermostat.

SOURCE AND PURITY OF MATERIALS:
No information is given.

ESTIMATED ERROR:

No details are given.

REFERENCES:
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COMPONENTS:
(1) Zinc oxide; ZnO; [1314-13-2]

(2) Zinc sulfate; ZnS04 ; [7733-02-0]

(3) Water; H20; [7732-18-5]

VARIABLES:
Concentration of ZnS04 at l8.0°C.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Akselrud, N. V.; Fialkov, Ya. A. Ukrain.

Khim. Zhur. 1950, 16,!83-95.

PREPARED BY:
T. Michalowski

Composition of equilibrium solutions at l8.0°C.

mol Zn(H) -3 pH -log Ksodm

---
0 ---- l6.705a

0.0154 6.71 16.6620
0.0482 6.51 16.5528
0.0823 6.43 16.4862
0.1520 6.31 16.4601
0.4580 6.04 16.5120
0.9275 5.82 16.6489
1.0257 5.78 16.6797
1.5273 5.60 16.8688
2.2340 5.38 17.1334

aThis value was determined by extrapolation of the [Zn(II)] vs -log K 0 curve for
the three most dilute solutions to [Zn(II)] = O. s

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
ZnO was added to solutions of ZnS04 and the Reagent grade materials were used. The
mixture was shaken in a thermostat at l8.0°C ZnS04 was recrystallized twice from water.
until equilibrium was reached. The pH of
the solution was measured potentiometrically
and the Zn content was determined polarograpl~

ically or by titration with K4Fe(CN)6.

ESTIMATED ERROR:

Not enough information is given to estimate
this.

REFERENCES:
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Zinc Oxide and Hydroxide

ORIGINAL MEASUREMENTS:

213

(1) Zinc hydroxide; Zn(OH)2; [20427-58-1]

(2) Sodium hydroxide; NaOH; [1310-73-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of NaOH at 20°C.

EXPERIMENTAL VALUES:

Arkhipov, M. I.; Pakshver, A. B.;
Podbornova, N. I. Zh~. P4£ktad. Khim.
1950, 23, 650-6'; J. AppUed Chem. USSR
(Eng£. • .tJta.1U>£..) 1950, 23, 685-91.

PREPARED BY:

T. P. Dirkse

Solubility of Zn(OH)2 in NaOH solutions at 20°C.
-3 a

g NaOH dm-3 mol NaOH dm-3 a g Zn dm-3 mol Zn(OH)2dm

68.4
132.0
202.0
360.0

1.71
3.30
5.05
9.00

8.0
24.7
45.5
80.4

0.12
0.38
0.70
1.23

a Calculated by compiler.

The following results were obtained by diluting saturated solutions of Zn(OH)2 in
aqueous NaOH with water until a precipitate began to settle out.

-3mol NaOH dm

0.180
0.355
0.610
1.120

-3mol Zn(OH)2 dm

0.0052
0.0104
0.0217
0.0464

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The Zn(OH)2 was introduced into an amount of
solvent 14 times its weight. The mixture
was allowed to stand 24 hours at 20°C. Afte
filtration, the filtrate was analyzed for
Zn content by determination with molybdenum
blue (1). In another experiment, saturated
solutions of Zn(OH)2 in aqueous NaOH were
diluted with water until a precipitate began
to form. The mixture was then allowed to
stand in the dark for Z days at ZO°C. It
was then filtered and the filtrate was
analyzed for zinc and NaOH content. The
method for NaOH analysis is not described.

SOURCE AND PURITY OF MATERIALS:

The Zn(OH)Z was prepared by a procedure
described earlier (2). No information
is given about the source of any other
materials.

ESTIMATED ERROR:

No details are given.

REFERENCES:

1. Razumeev, A. Synthet<.c F-ibeJL Ha.ndbook,
State Chern. Press, 1937.

2. Pakshver, A.; Arkhipov, M.; Geller, B.
J. AppUed Chem. USSR 1950, 23, Z.
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COMPONENTS:

(1) Zinc hydroxide; Zn(OH)2; [20427-58-1]
(2) Ammonia; NH3; [7664-41-7]
(3) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:
Arkhipov, M. I.; Pakshver, A. B.;

Podbornova, N. I. ZhuA. P~klad. K~n.

1950, 23,650-6; J. App~ed Chern. USSR
IEng£.. .tILa.n.6.t. I 1950, 23, 685-91.

VARIABLES: PREPARED BY:

Concentration of NH3 at 20°C. T. P. Dirkse

EXPERIMENTAL VALUES:

Solubility of Zn(OH)2 in aqueous NH3 solutions at 20°C.

-3 -3 a -3 mol Zn(OH)2
-3 ag NH3 dm mol NH3 dm g Zn dm dm

46.7 2.74 10.6 0.16
82.3 4.83 16.2 0.25

130.5 7.66 19.3 0.30
139.0 8.16 19.3 0.30
188.5 11.07 18.2 0.28
213.0 12.51 18.7 0.29

a Calculated by the compiler.

The following results were obtained by diluting saturated solutions of Zn(OH)2
in aqueous NH

3
with water until a precipitate began to settle out.

-3 -3mol NH3 dm mol Zn(OH)2 dm

0.256
0.186
0.156
0.100

0.0124
0.0070
0.0040
0.0023

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:
of The Zn(OH)2 was prepared by a procedure

described earlier (2). No information
is given about the source or purity of
any other materials.

METHOD/APPARATUS/PROCEDURE:
The Zn(OH)2 was introduced into an amount
solvent 14 times its weight. The mixture
was allowed to stand 24 hours at 20°C.
After filtration, the filtrate was analyzed
for Zn content by determination with
molybdenum blue (1). In another experiment,
saturated solutions of Zn(OH)2 in aqueous
NH3 were diluted with water until a
precipitate began to form. The mixture was
then filtered and the filtrate was analyzed
for Zn and NH3 content. The method of
analysis for NH

3
is not described.

ESTIMATED ERROR:

No details are given.

REFERENCES:

1. Razumeev, A. Synthetic F~b~ Handbook,
State Chem. Press, 1937.

2. Pakshver, A.; Arkhipov, M.; Geller, B.
J. App~ed Chern. USSR 1950, 23, 2.
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COMPONENTS:

(1) Zinc oxidc; ZnO; [1314-13-2]

ORIGINAL MEASUREMENTS:

Deshpande, V. V.; Kabadi, M. B. J. Univ.
Bombay 1951, 20A, 28-38.

(2) Sodium hydroxidc; NaOH; [1310-73-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of NaOH and temperature.

EXPERIMENTAL VALUES:

PREPARED BY:

T. P. Dirkse

Composition of saturated solutions of ZnO in aqueous NaOH.

mass% ZnO

0.192
0.4815
1.413
3.512
4.980
5.920
8.426
9.841

0.202
0.555
2.365
4.627
6.68
8.143

10.07
12.041

a mass% Na20mol ZnO/kg H2O

temp. , 35°C.

0.024 3.03
0.063 4.850
0.199 10.75
0.519 12.82
0.765 15.08
0.931 15.87
1.40 17.88
1. 73 20.08

temp. , 45°C.

0.025 2.28
0.072 4.505
0.344 13.240
0.737 18.20
1.12 20.04
1.42 21.30
1.82 22.05
2.28 23.14

amol NaOH/kg H20

1.04
1.71
4.12
5.14
6.28
6.76
8.09
9.55

0.779
1.58
5.23
7.86
9.12

10.06
10.83
11.90

a Calculated by the compiler.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

Equilibrium was rcached isothermally by Reagent grade materials were used.
adding ZnO to the NaOH solutions and
mechanically shaking the mixtures for 3
hours in a thermostat. Zinc content was
determined by titration with KuFe(CN)6'
Alkali content was determined by dissolving
the sample in excess H2S04 and back-
titrating with NH40H.

ESTIMATED ERROR:

No details are given except that the
temperature was controlled to within O.l°C.

REFERENCES:
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COHPONENTS: ORIGINAL HEASUREMENTS:

(1) Zinc oxide; ZnO; [1314-13-2] Deshpande, V. V.; Rabadi, H. B. J. U.u.v.
iJomba.y 1951, 'lOA, 28-38.

(2) Sodium hydroxide; NaOH; [1310-73-2]

(3) Water; H2O; [7732-18-5]

EXPERIHENTAL VALUES, contd.

Composition of saturated solutions of ZnO in aqueous llaOH.

mol 2nO/kg H Oa mass~; Ha20 a
mass~~ ZnO 2

mol NaOH/kg H2O

temp. , 55°C.

0.227 0.029 3.46 1.20
0.755 0.099 5.57 1. 93
2.561 0.362 10.12 3.89
5.050 0.784 15.34 6.42
7.889 1.30 17.31 7.71
9.530 1.64 19.07 8.90

11.95 2.21 21.50 10.77
14.021 2.68 21.80 11.30

temp., 65°C.

0.1829 0.023 3.022 1.04
0.531 0.070 6.39 2.29
2.009 0.283 10.80 4.13
4.730 0.729 15.52 6.49
8.601 1.43 17.54 7.92

10.580 1.86 19.58 9.35
12.862 2.37 20.50 10.25
16.031 3.14 21.32 11.34

temp., 75°C.

0.1820 0.023 3.98 1.38
0.456 0.060 6.89 2.48
1.600 0.235 14.90 5.95
4.221 0.663 17.55 7.48
8.810 1.55 21. 538 10.31

11.348 2.16 24.123 12.46
14.299 2.89 25.089 13.80
18.038 3.93 25.556 15.10

a Calculated by the compiler.
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COMPONENTS:
(1) Zinc hydroxide; Zn(OH)2; [20427-58-1]

(2) Sodium hydroxide; NaOH; [1310-73-2]

(3) Water; H20; [7732-18-5]

VARIABLES:
Method of preparation of Zn(OH)2' concen
tration of NaOH, and temperature.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Deshpande, V. V.; Kabadi, M. B. J. Univ.

Bombay 1951, 20A, 28-38.

PREPARED BY:

T. P. Dirkse

Composition of saturated solutions of
crystalline Zn(OH)2 (prep. "a") in aqueous NaOH.

mass% ZnO mol ZnO/kg H20a mass% Na20 mol NaOH/kg H20a

temp. 35°C

0.410
1.521
3.390
5.512
9.123

11.510
14.341
16.815

0.5620
1.780
5.002
7.988

12.33
15.510
18.39
22.110

0.052
0.199
0.478
0.745
1.51
1.98
2.74
3.44

0.071
0.233
0.748
1.30
2.18
2.91
3.64
4.88

3.00
4.501
9.410

13.55
16.540
17.22
21.462
23.120

temp. 45°C

2.74
4.390

12.801
16.23
18.04
19.120
19.64
22.215

1.00
1.55
3.48
5.40
7.18
7.79

10.79
12.42

0.914
1.51
5.02
6.95
8.36
9.44

10.22
12.87

aCalculated by the compiler.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Equilibrium was reached isothermally by
adding Zn(OH)2 to the NaOH solutions and
mechanically shaking the mixtures for 3
hours in a thermostat. Zinc content was
determined by titration with KHFe(CN)6.
Alkali content was determined by dissolving
the samjie in excess H2S04 and back-titrating
with NH40H.

SOURCE AND PURITY OF MATERIALS:

Reagent grade materials were used. Zn(OH)2
was prepared two ways: (a) adding the cal
culated amQunt of NHHOH to aqueous ZnS04 ,
filtering, washing tlie precipitate, redis
solving it in excess NH40H, and allowing the
NH3 to evaporate; (b) dissolving ZnO in
aqueous NaOH with heating, cooling, filter
ing, and diluting the filtrate with water.

ESTIMATED ERROR:
No indication is given of the precision of
any of the procedures except that the temp
erature was controlled to within O.loC.

REFERENCES:
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COHPOllENTS ORIGINAL HEASUREI1ENTS

(1) Zinc hydroxide; Zn(Oll) 2; [20427-58-1] Deshpande, V. V.; Kabadi, M. B. J. Univ.
Bombay 1951, 20A. 28-30.

(2) Sodium hydroxide; NaOII; [1310-73-2]

(3) Water; H2O; [7732-18-5]

EXPERIl1ENTAL VALUES, contd.

Composition of saturated solutions of
crystalline Zn(0II)2 (prep. "a") in aqueous NaOH.

mass/~ Zne mol ZnO/kg H20a mass% Na20 mol NaOlI/kg H20a

temp. 55°C

0.709 0.091 3.64 1.23
1.94 0.125 5.34 1.36
5.825 0.360 10.930 4.24
8.77 1.40 14.03 5.36

13.44 2.32 15.30 6.93
16.92 3.14 16.39 8.23
19.33 3.94 18.34 9.57
23.00 4.95 19.90 11.24

temp. 65°C

0.545 0.069 2.317 0.940
1.423 0.190 6.44 2.25
4.903 0.724 11.90 4.61
8.580 1.37 14.54 6.09

13.385 2.29 14.63 6.58
16.958 3.20 18.03 8.95
20.21 4.07 13.30 9.94
23.61 5.11 19.65 11.17

temp. 75°C

0.445 0.057 2.90 0.963
1.298 0.174 7.10 2.50
3.939 0.599 15.29 6.11
7.804 1.29 17.70 7.66

14.134 2.58 l!l.63 8.94
17.018 3.34 20.30 10.45
21.256 4.53 21.056 11. 77
24.38 5.58 21.90 13.15

aCa1culated by the compiler
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COMPONENTS:

(1) Zinc hydroxide; Zn(OH)2; [20427-58-1]

(2) Sodium hydroxide; llaOH [1310-73-2]

(3) \-later; H20; [7732-18-5]

EXPERIl1ENTAL VALUES, contd.

ORIGINAL MEASUREMENTS:

Deshpande, V. V.; Kabadi, ll. B. J. Un.i.v.
Bombay 1951, 20A, 28-38.

Composition of saturated solutions of
Zn(0lI)2 (prep. "b") in aqueous NaOH.

a a
mass% ZnO mol ZnO/kg H2O mass~~ Na20 mol NaOH/kg H2O

temp. , 35°C.
0.398 0.052 5.132 1,75
1.002 0.134 7.090 2.49
2.960 0.417 9.838 3.64
4.836 0.717 12.34 b 4.81
7.693 1,24 11,110 4.70
9.950 1,71 10.62 8.41

12.516 2.33 21.38 10.43
14.010 2.74 23.080 11.83

temp. , 45°C.
0.5204 0.066 2.738 0.913
1,380 0.179 4.44 1,51
4.101 0.582 12.28 4.57
6.592 LOS 16.63 6.99

10.111 1,73 10.241 8.21
13.860 2.58 20.03 9.77
15.941 3.08 20.56 10.44
20.292 4.52 24.57 14.37

temp. , 55°C.
0.603 0.077 3.35 1,13
1,510 0.199 5.46 1,89
4.391 0.640 11.38 4.36
7.45 1,18 14.95 6.21

11,423 1,92 15.59 6.89
15.235 2.80 18.02 8.71
18.490 3.60 18.50 9.47
21,950 4.61 19.591 10.81

temp. , 65°C.
0.5310 0.068 2.93 0.979
0.9481 0.125 6.164 2.14
4.112 0.613 13.500 5.29
2.102c 0.340 17.00 7.23

12.530 2.22 18.136 8.44
16.660 3.21 19.60 9.92
19.511 4.03 20.99 11.38
22.800 4.69 21,43 11,57

temp. , 75°C.
0.355 0.045 3.156 1,06
0.832 0.110 6.513 2.27
3.154 0.483 16.60 6.67
6.555 1,26 19.30 9.71

13.186 2.47 21.20 10.43
16.710 3.38 22.50 11,94
20.310 4.41 23.05 13.13
23.341 5.44 23.92 14.63

a Calculated by the compiler.
b This appears to be an error. From the context of the Table this value should be 16.110

giving a value of 6.82 mol NaOH/kg H
2

O.
c This value appears to be Presumably it should be 7.102 which gives a valuean error.

of 1, 15 mol ZnO/kg lI2O.
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COMPONENTS:
(1) Zinc oxide; ZnO; [1314-13-2]

(2) Potassium hydroxide; KOH; [1310-58-3)

(3) Water; H20; [7732-18-5]

VARIABLES:
Concentration of KOH and temperature.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Deshpande, V. V.; Kabadi, M. B. J. Univ.
Bombay 1952, 21A, 14-21.

PREPARED BY:
T. P. Dirkse

Solubility of ZnO in aqueous KOH.

mass% ZnO

temp. , 35·C.

0.180 0.0234 5.314 1.19
0.512 0.0719 12.015 2.92
1.598 0.241 16.850 4.39
2.044 0.326 20.910 5.76
4.179 0.704 22.90 6.67
5.590 0.992 25.200 7.73
7.029 1.32 27.310 8.83
8.031 1.57 29.000 9.78

temp., 45·C. .
0.206 0.0266 4.700 1.05
0.691 0.0912 6.220 1.42
2.049 0.316 18.360 4.90
3.501 0.586 23.070 6.67
5.521 0.992 26.130 8.12
7.390 1.42 28.530 9.45
9.25 1.90 31.060 11.05

10.844 2.33 31.940 11.85
a Data converted to mol/kg H?O by the compiler.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Equilibrium was approached isothermally by
shaking the mixtures for 3 hours in a
thermostat. Zinc content was determined by
titration with K4Fe(CN)6. Alkali content
was determined by dissolving the sample in
excess H

2
S04 and back-titrating with NH40H.

SOURCE AND PURITY OF MATERIALS:

The water was freshly redistilled. The
ZnO and KOH were reagent grade. Care
was taken to exclude CO2•

ESTIMATED ERROR:

No details are given except that the
temperature was controlled to within O.l·C.

REFERENCES:
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COMPONENTS: ORIGIHAL HEASUREMENTS:

(1) Zinc oxide; ZnO; [1314-1;3-2] Deshpande, V. V.; Kabadi, M. B. J. Un,Lv.
lJombay 112!, 21A, 14-21.

(2) Potassium hydroxide; KOII; [1310-58-3]

(3) \later; H2O; [7732-18-5]

EXPERIHEIlTAL VALUES, contd.

Solubility of ZnO in aqueous KOH.

mass% ZnO CZnO/mo1
_la

mass% K20 CKOII /mo1
_la

kg kg

temp. , 55°C.

0.218 0.0285 5.700 1.29
0.748 0.102 9.430 2.23
2.559 0.391 17.130 4.53
4.70 0.771 20.37 5.70
6.97 1.23 23.56 7.20
8.530 1.65 27.800 9.27
9.89 1.97 28.300 9.72

12.042 2.54 29.680 10.81

temp., 65°C.

0.1757 0.0226 4.2730 0.949
0.5200 0.0709 9.4100 2.22
1. 743 0.272 19.510 5.26
3.660 0.610 22.660 6.53
7.610 1.44 27.680 9.08
9.166 1.80 28.440 9.67

10.986 2.26 29.340 10.44
12.638 2.73 30.560 11.42

temp., 75°C.

0.1653 0.0213 4.3580 0.969
0.5010 0.0684 9.532 2.25
1.433 0.224 20.036 5.42
3.266 0.553 24.220 7.09
7.804 1.48 27.422 8.99
9.539 1.92 29.416 10.23

11.410 2.39 30.040 10.89
13.86 3.06 30.56 11.67

a Data converted to mol/kg H2O by the compiler.
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COMPONENTS:
(1) Zinc hydroxide; Zn(OH)2; [20427-58-1)

(2) Potassium hydroxide; KOH; [1310-58-3)

(3) Water; H20; [7732-18-5]

VARIABLES:

Method of preparing Zn(OH)2' concentration
of KOH, and temperature.

ORIGINAL MEASUREMENTS:

Deshpande, V. V.; Kabadi, M. B. J. Univ.
Bombay 1952, 21A, 14-21.

PREPARED BY:
T. P. Dirkse

EXPERIMENTAL VALUES:

Solubility of Zn(OH)2 (prep. "a") in aqueous KOH.

mass% ZnO CZnO/mol
-13 mass% K20kg

temp., 35°C.

0.3865 0.0513 7.0630
1.280 0.185 13.730
2.331 0.363 18.840
4.070 0.663 20.510
6.194 1.082 23.506
8.390 1.586 26.640

10.360 2.094 28.850
11.810 2.507 30.320

temp. , 45°C.

0.547 0.0709 4.715
1.502 0.202 7.046
4.667 0.750 18.850
6.524 1.130 22.570

10.50 2.064 26.990
12.954 2.819 30.600
15.84 3.755 32.34
18.123 4.561 33.060

1.62
3.43
5.07
5.77
7.10
8.70

10.08
11.12

1.06
1.64
5.23
6.76
9.17

11.51
13.25
14.38

a Data converted to mol/kg H20 by the compiler.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Equilibrium was approached isothermally by
shaking the mixtures for 3 hours in a
thermostat. Zinc content was determined by
titration with K4Fe(CN)6' Alkali content
was determined by dissolving the sample in
excess H2S04 and back-titrating with NH40H.

SOURCE AND PURITY OF MATERIALS:
The water was freshly redistilled. All
other materials were of reagent grade
quality. The Zn(OH) was prepared in 2
ways; (a) by adding ~he calculated amount of
NH40H to aqueous ZnS04 , filtering, washing
the precipitate and redissolving it in
excess NH40H, then allowing the NH3 to
evaporate; (b) dissolving ZnO in aqueous
NaOH with heating, cooling, filtering, and
diluting the filtrate with H20.

ESTIMATED ERROR:

No details are given except that the
temperature was controlled to within O.loC.

REFERENCES:



Zinc Oxide and Hydroxide 223

COHPONENTS:
(1) Zinc hydroxide; Zn(OH)2; [20427-58-1]

(2) Potassium hydroxide; KOH; [1310-58-3]

ORIGINAL MEASUREMENTS:
Deshpande, V. V.; Kabadi, H. B. J. UrUv.

Bomba.y 1952, 21 A, 14-21.

(3) Water; H2O; [7732-18-5)

EXPERIMENTAL VALUES, contd.

Solubility of Zn(OH)2 (prep. "a") in aqueous KOH.
_la

CKOH/mo1
_la

mass% ZnO CZnO /mol kg mass% K20 kg
----

temp. , 55·C.
0.679 0.0891 5.700 1.29
1. 755 0.242 9.090 2.16
4.88 0.758 16.03 4.30
7.509 1.251 18.780 5.41

11.138 2.054 22.230 7.08
13.980 2.796 24.590 8.50
16.815 3.653 26.640 10.00
19.500 4.650 28.980 11.94

temp. , 65·C.
0.466 0.0600 4.050 0.90
1.028 0.141 9.230 2.18
3.980 0.618 16.890 4.53
6.923 1.210 22.800 6.89

11.301 2.200 25.590 8.61
14.331 3.056 28.050 10.34
17.66 4.030 28.50 11.24
20.39 4.986 29.37 12.41

temp. , 75·C.
0.423 0.0548 4.800 1.08
1.003 0.138 9.457 2.24
2.992 0.453 15.930 4.17
6.730 1.123 19.670 5.67

11.634 2.318 26.720 9.20
14.480 3.070 27.570 10.10
18.512 4.277 28.320 11.31
21.248 5.261 29.131 12.46

a Data converted to mol/kg H20 by the compiler.
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COHPONENTS: ORIGINAL MAESUREMENTS:

(1) Zinc hydroxide; Zn(OIl) 2; [20427-58-1] Deshpande, V. V.; Kabadi, M. B. J. UiUv.
Bombay 1952, 21A, 14-21.

(2) Potassium hydroxide, KOH; [1310-58-3]

(3) Water; H2O; [7732-18-5]

EXPERIMENTAL VALUES, contd.

Solubility of Zn(OH)2 (prep. "b") in aqueous KOH.

mass% ZnO -la
CKoimo1

-la
CznO/mo1 kg mass% K20 kg

temp. , 35°C.
0.326 0.0432 6.890 1.58
1.030 0.147 13.152 3.25
2.023 0.312 18.400 4.91
3.590 0.581 20.473 5.72
4.700 0.800 23.156 6.81
6.340 1.140 25.32 7.87
7.911 1.517 28.010 9.28
9.522 1.913 29.315 10.18

temp. , 45°C.
0.5003 0.0647 4.460 1.00
1.270 0.170 7.145 1.66
3.624 0.569 18.070 4.90
4.994 0.843 22.190 6.47
7.915 1.473 26.090 8.39
9.832 1.960 28.540 9.83

12.710b 2.766 30.840 11.60
41.891 9.69 32.000 12.79

temp. , 55°C.
0.600 0.0790 6.140 1.40
1.476 0.204 9.460 2.26
4.290 0.661 15.950 4.25
6.831 1.167 21.250 6.27
9.533 1. 780 24.690 7.97

11.803 2.346 26.380 9.06
13.934 2.978 28.590 10.56
17.99 4.245 29.95 12.21

temp. , 65°C.
0.461 0.0586 2.929 0.64
0.777 0.106 9.116 2.15
3.39 0.533 18.41 5.00
5.990 1.044 23.550 7.10
9.662 1.887 27.430 9.26

12.012 2.483 28.560 10.20
13.991 3.058 29.810 11.26
18.733 4.540 30.580 12.81

temp. , 75°C.
0.4061 0.0528 5.031 1.13
0.611 0.0833 9.234 2.17
2.532 0.386 16.890 4.45
5.616 0.962 22.670 6.71
9.780 1.917 27.531 9.32

12.430 2.607 29.000 10.51
15.132 3.361 29.560 11.35
19.019 4.604 30.230 12.65

a Data converted to mol/kg H20 by the compiler.

b This appears to be a misprint. It possibly should be 14.891, giving a value of
3.444 mol ZnO/kg H2O.
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COMPONENTS:

(1) Zinc oxide; ZnO; [1314-13-2]

(2) Potassium hydroxide; KOH; [1310-58-3]

(3) Water; H20; [7732-18-5]

VARIABLES:

concentration of potassium hydroxide.

ORIGINAL MEASUREMENTS:

Sochevanov, V. G. Zh~, Ob~hch~ K~.

1952, 22, 1073-85; J. Gen. Ch0m. USSR
(Engl. ~~t.'·1952, 22, 1119-1128.

PREPARED BY:

T. P. Dirkse

EXPERIMENTAL VALUES:

Composition of saturated solutions of ZnO in aqueous KOH at 1~-22°C.

K2O, ZnO KOH, _3a ZnO, _3a
mol a a

mol% mol% sp. gr. KOH/kg H2O mol ZnO/kg H2O mol dm mol dm
-- --

2.05 0.182 1.119 2.32 0.10 2.33 0.10
3.98 0.59 1.224 4.63 0.34 4.55 0.34
5.15 1.01 1.292 6.10 0.60 5.90 0.58
8.73 2.09 1.472 10.88 1.30 9.89 1.18
9.97 2.60 - - - 12.67 1.65 - - - - - -

11.43 3.20 1.589 14.88 2.08 12.60 1.76
12.11 3.79 1.653 15.85 2.50 13.51 2.11

1.0 0.0 1.12 - - -
2.0 0.20 2.27 0.11
3.0 0.42 3.45 0.24
4.0 0.65 4.66 0.38
5.0 0.90 5.90 0.53
6.0 1.18 7.18 0.71
7.0 1.50 8.50 0.91
8.0 1.84 9.86 1.13
9.0 2.22 11.26 1.39

10.0 2.64 12.72 1.68
11.0 3.18 14.24 2.06
12.0 3.72 15.82 2.45
13.0 4.30 17.47 2.89

a Calculated by the compiler.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Equilibrium was approached isothermally.
Mixtures were kept at l8-24°C for more than All materials were of reagent grade
60 days with occasional shaking. Zinc quality.
content was determined by a volumetric
acidometric method (1). Alkali content was
determined by dissolving the sample in
H

2
S0

4
and back-titrating with aqueous KOH.

ESTIMATED ERROR:

No details are given.

REFERENCES:
1. Hahn, F. L.; Hartlieb, E. Z. Ana-t. Ch0m.

1927,71,225.
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COMPONENTS:
(1) Zinc hydroxide; Zn(OH)2; [20427-58-1]

(2) Potassium hydroxide; KOH; [1310-58-3]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of potassium hydroxide.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Sochevanov, V. G. ZhUIL. Ob<:>hche-i. KlUm, 1952,
22, 1073-85; J. Gen. Ch~. USSR (Engl-.--
Vtan<:>.t.) 1952, 22, 1119-28.

PREPARED BY:

T. P. Dirkse

Composition of saturated solutions of Zn(OH)2 in aqueous KOH at l8-22°C.

K2O, a ZnO, a KOH~3a ZnO~3a
mol% mol KOH/kg H2O mol% mol ZnO/kg H2O sp. gr. mol dm mol dm

-- --
2.14 2.43 0.37 0.21 1.132 2.43 0.21
4.28 5.05 1.53 0.90 1.276 4.91 0.88
5.27 6.34 2.36 1.42 1.351 6.06 1.36
7.44 9.31 3.79 2.37 1.490 8.50 2.17

1.0 1.12 0.0 - - -
2.0 2.28 0.34 0.19
3.0 3.47 0.83 0.48
4.0 4.70 1.44 0.85
5.0 5.98 2.12 1.27
6.0 7.31 2.82 1.72
7.0 8.70 3.56 2.21
8.0 10.15 4.44 2.82

a Calculated by the compiler.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Equilibrium was approached isothermally by
keeping the mixtures at l8-24°C for more
than 60 days. The mixtures were shaken
occasionally. Alkali content was determined
by adding an excess of H S04 and back
titrating with aqueous K6H. Zinc content
was determined by a volumetric acidometric
method (1).

SOURCE AND PURITY OF MATERIALS:
Reagent grade materials were used. The
Zn(OH)2 was prepared by saturating hot
aqueous KOH with ZnO, filtering, and
diluting the filtrate with 15-20 times its
volume of water. This solution
precipitated crystalline Zn(OH)2 over a
period of 2 weeks.

ESTIMATED ERROR:
No details are given but the deviation in
duplicate results are less than 1%.

REFERENCES:

1. Hahn, F. L.; Hartlieb, E. Z. Atta.t. Ch~.

1927, 71, 225.
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COMPONENTS:
(1) Zinc oxide; ZnO; [1314-13-2]

ORIGINAL MEASUREMENTS:
Dirkse, T. P.; Postmus, C.; Vandenbosch, R.

J. Am. Chern. Soc. 1954, 76, 6022-4.
(2) Sodium hydroxidc; NaOH; [1310-73-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of NaOH at 25.0°C.

EXPERIMENTAL VALUES:

PREPARED BY:

T. P. Dirkse

Solubility of ZnO in aqueous NaOH at 25.0°C. a

Concn. of NaOH

mol -3 mol -1 4 -3dm kg 10 CznO /mo1 dm

0.578 0.581 87.5
0.520 0.521 75.4
0.462 0.462 55.7
0.405 0.404 48.6
0.347 0.345 31.1
0.289 0.287 29.7
0.231 0.229 13.4
0.173 0.171 7.5
0.116 0.114 3.8
0.058 0.057 5.9

a In the original article the data are presented only in graphical form.
Those graphs are based on these data.

Extrap~~ation o!3the above data to infinite dilution gives a value of about
3 x 10 mol dm • This is considered to thc solubility of Zn(OH)2 in water
at this temperature.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The mixtures of solid ZnO and aqueous llaOH
were kept for a month in a constant
temperature bath and shaken frequently.
Analysis for zinc was done amperometrica11y
(1) •

SOURCE AND PURITY OF MATERIALS:

Reagcnt grade materials werc used.
Special precautions were taken to exc1udc
CO2,

ESTIMATED ERROR:

About 3%.

REFERENCES:

1. Nimer, E. C.; Hamm, R. E.; Lee, G. C.
Anal. Ch~n. 1950, 22, 790.
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Zinc oxide: ZnO: [1314-13-2]

(2) Potassium hydroxide: KOH: [1310-58-3]
Dirkse, T. P.: Postmus, C., Vandenbosch, R.

J. Am. Chern. Soc. 1954, 76, 6022-4.

(3) Water; H20; [7732-18-5]

VARIABLES: PREPARED BY:

Concentration of KOH at 25.0°C. T. P. Dirkse

EXPERIMENTAL VALUES:

Solubility of ZnO in aqueous KOH at 25.0°C. a

cone. of KOH

-3 -1 4 -3mol dm mol kg 10 CZnO/mol dm

0.674 0.680 89.9
0.607 0.609 73.2
0.539 0.540 59.5
0.472 0.470 45.7
0.404 0.402 32.7
0.337 0.333 23.0
0.270 0.265 15.8
0.202 0.199 8.4
0.135 0.132 3.7
0.067 0.066 1.5

a The data are presented only in graphical form in the article.
Those graphs are based on these numerical data.

K = 6 x 10-4

K = (100 ± 2) x 10-4

+ OH- + H20 = Zn(OH);

+ 20H- + H20 = Zn(OH)~-

ZnO(s)

ZnO(s)

In the article the data are treated according to a method suggested earlier (2). This
treatment gives thermodynamic values for the equilibrium constants of the following
reactions.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

The mixtures of solid ZnO and aqueous KOH
were kept for a month in a constant
temperature bath. They were shaken rather
frequently. Analysis for zinc was done
amperometrically (1).

Reagent grade materials were used.

ESTIMATED ERROR:

About 3%.

REFERENCES:
1. Nimer, E. C.; Hamm, R. E.; Lee, G. C.

Ana..f.. Chern. 1950, 22, 790.

2. McDowell, L. A.; Johnston, H. L. J. Am.
Chenl. Soc. 1936, 58, 2009.
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COMPONENTS:

(1) Zinc hydroxide; Zn(OH)2; [20427-58-1)

(2) Sodium hydroxide; NaOH; [1310-73-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of NaOH at 25°C.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Fulton, J. W.; Swinehart, D. F. J. Am. Chern.
Soc. 1954, 76, 864-7.

PREPARED BY:

T. P. Dirkse

Solubilitya of Zn(OH)2 in aqueous NaOH at 25°C.

CNaOH/mol
-1 6 -1

CNaOH/mol
-1 6 -1kg 10 CZnO/mol kg kg 10 CZnO/mol kg

0.000413 5.83 0.0311 75.7
0.000858 6.07 0.0386 107
0.00182 5.49 0.0497 151
0.00452 9.05 0.0669 247
0.00721 13.7 0.102 509
0.00986 19.5 0.190 1610
0.0186 36.6

a Each value is the average of a pair of samples, one approaching equilibrium
from supersaturation and one from undersaturation.

-5The solubility of Zn(Oh)2 in water at 25°C was 1.0(±O.1) x 10 mol/kg H20.

Some solubility measurements were also made in dilute HCl solutions but no
numerical values are reported. The data are reported only graphically as
a pH vs concentration of zinc plot.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

Mixtures were equilibrated in nitrogen-filled
flasks for 10 days. Equilibrium was approach£d
from undersaturation and from supersaturation.
The mixtures were allowed to sediment for up
to two weeks before samples were taken for
analysis. Zinc content was determined either
colorimetrically using dithizone or by
titration with K4Fe(CN)6' The temperature
during equilibration was controlled at
25 ± 0.05°C.

Zn(OH)2 was prepared by adding NH40H to
aqueous ZnS04, washing the precipitate
with H20 and NH40H over a week or two.
The washed precipitate was dissolved in
concentrated NH40H and the NH3 was removed
by air diffusion into H2S04' The water
used was conductivity water. All other
materials were of reagent grade quality.

ESTIMATED ERROR:

Less than 1%.

REFERENCES:
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COMPONENTS:

(1) Zinc oxide; ZnO; [1314-13-2]

(2) Chromium(VI) oxide; Cr0
3

; [1333-82-0]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of cr0
3

at 35°C.

EXPERIMENTAL VALUES:

ORIGINAL HEASUREHENTS:

Hayek, E.; Hatzl, H.; Schmid, H. Mo~h.
1954, 85, 92-7.

PREPARED BY:

T. P. Dirkse

Solubility of ZnO in aqueous cr0
3

at 35°C.

Ccro/mol -3 -3 Solid phasedm CZnO/mol dm

0.0004 0.0003 ZnO + Zn(OH)2
0.0004 0.0003 ------
0.0080 0.0059 ZnCr04·2.5Zn(OH)2
0.0296 0.019 "
0.0563 0.035 "
0.105 0.062 "
0.117 0.069 "
0.148 0.085 "
0.181 0.103 "
0.196 0.110 "
0.271 0.148 "
0.316 0.170 Zncr04 'Zn(OH)2
0.427 0.225 "
0.566 0.293 "
0.735 0.375 "
0.925 0.467 "
1.120 0.562 "

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

2.34 g of ZnO was added to 100 ml of the
Cr03-H20 solution. The mixture was shaken
vigorously for 30 min and then slowly in a
thermostat at 35°C for 8 to 12 weeks. The
electrical conductivity of the solution was
measured to determine when equilibrium had
been established. The liquid and solid phase
were then separated from each other by
filtration. Analysis was done iodometrically
or by the method of van der Meulen (1).

SOURCE AND PURITY OF MATERIALS:

All materials were of analytical reagent
grade quality. The ZnO was heated
strongly before it was used.

ESTIMATED ERROR:

No information is given.

REFERENCES:

1. Meulen, J. H. van der Ch~. Weekbl.
1940. 37, 436.
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COMPONENTS:

(1) Zinc oxide; ZnO; [1314-13-2]

(2) Sodium chloride; NaC1; [7647-14-5]

(3) Sodium hydroxide; NaOH; [1310-73-2]

(4) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:

Urazov, G. G.; Lipshits, B. M.; Lovchikov,
V. S. T~vetI1Ye. Meta.£.. 1956, 29, 37-42.

VARIABLES: PREPARED BY:

Concentration of NaOH at 25° and at 75°C. T. P. Dirkse

EXPERIMENTAL VALUES: I

Table I. Solubility in the system Na20-H20-ZnO at 25.0°C.

Solid b

-1 a
-1 a

c
Na20

/mass% CznO/mass% CH O/mass% CNaOH/mo1 kg CZnO /mo1 kg phase
2

1.40 0.16 98.44 0.459 0.020 A
3.89 1.12 94.99 1.32 0.145 "
5.47 1.58 92.95 1.90 0.209 "
7.56 2.03 90.41 2.70 0.276 "
8.83 1.51 89.66 3.18 0.207 "

11.06 2.03 86.91 4.11 0.287 B
14.10 3.75 82.15 5.54 0.561 "
16.73 4.90 78.37 6.89 0.768 "
19.29 7.21 73.50 8.47 1.21 "21.47 8.38 70.15 9.87 1.47 "
23.80 10.03 66.17 11.6 1.86 "
24.76 17.04 58.20 13.7 3.60 C
26.90 15.32 57.78 15.0 3.26 "
27.58 15.03 57.39 15.5 3.22 "
29.54 11.53 58.93 16.2 2.40 "

a The mol/kg H20 values were calculated by the compiler.

b
The solid phases are: A = Zn(OH)2; B = ZnO; C = Na[Zn(OH)3]·H

2
0

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Equilibrium was approached isothermally in a
water bath whose temperature was controlled No information is given.
to within O.l°C. The mixtures of ZnO and
solution were agitated in the constant
temperature bath until zinc analyses of the
solution reached a constant value. The metho
of analysis is not described. It appears
that the composition of the solid phase was
determined by the method of wet-residues.
Solubility measurements at the boiling point
were made in a steel cylinder immersed in the
heating medium (either liquid paraffin or a
molten lead-tin alloy). Water and NaOH were ESTIMATED ERROR:
introduced into the cylinder, the mixture
was brought to a boil, and the ZnO was then No details are given.
added with agitation.

REFERENCES:
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Zinc oxide; ZnO; [1314-13-2] Urazov, G. G.; Lipshits, B. 11.; Lovchikov,

(2) Sodium chloride; NaCl; [7647-14-5] V. S. T-6ve..tnye Meta£. 1956, 29, 37-42.

(3) Sodium hydroxide; NaOH; [1310-73-2]

(4 ) Water; H2O; [7732-18-5]

EXPERIMENTAL RESULTS, contd:

Table II. Solubility in the system Na20-H20-ZnO at 75.0°C.

Solid b
-1 a -1 a

c
Na20

/mass% CZnO/mass% CH O/mass% CNaOH/mol kg CZnO /mol kg phase
2

1.34 0.15 98.51 0.439 0.019 B
1.90 0.31 97.79 0.627 0.039 "
2.63 0.68 96.69 0.877 0.086 "
3.79 1.48 94.73 1.29 0.192 "
4.88 2.55 92.57 1. 70 0.338 "
6.25 3.48 90.27 2.23 0.474 "
7.77 5.06 87.17 2.88 0.713 "
9.77 6.72 83.51 3.77 0.989 "

11.59 8.56 79.85 4.68 1.32 "
12.60 9.72 77 .68 5.23 1.54 "
14.34 11.44 74.22 6.23 1.89 "
15.58 12.36 72.26c 6.97 2.11 "
18.17 14.74 67.09 8.74 2.70 "
20.78 17.33 61.89 10.8 3.44 "
23.53 20.05 56.42 13.5 4.37 "
23.88 20.36 55.76 13.8 4.49 "
25.07 22.84 52.09 15.5 5.39 C
27.44 20.53 52.03 17.0 4.85 "
28.98 19.73 51.29 18.2 4.73 "
29.60 19.41 50.99 18.7 4.68 "
34.38 17.64 47.98 23.1 4.52 "
35.12 16.20 48.68 23.3 4.09 D
38.61 12.32 49.07 25.4 3.08 "
39.98 11.29 48.73 26.5 2.85 "
42.22 9.54 48.24d 28.2 2.43 "
42.74 9.26 52.00 28.7 2.37 "

a The mol/kg H20 values were calculated by the compiler.

b The solid phases are: B = ZnO; C = NaZn(OH)3; D = Na2Zn(OH)4'

c This appears to be an error. It probably should be 72.06.

d This appears to be an error. It probably should be 48.00.
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COMPONENTS:

(1) Zinc oxide; ZnO; [1314-13-2]

(2) Sodium chloride; NaCl; [7647-14-5]

(3) Sodium hydroxide; NaOH; [1310-73-2]

(4) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS

Urazov, G. G.; Lipshits, B. M. Lovchikov,
V. S. T~vetnye Metal. 1956, 29, 37-42.

EXPERIMENTAL VALUES, contd:

Table III. Solubility in the system Na2O-H2O-ZnO at the boiling point of

the solution.
Solid b_la _la

t/oC c
Na20

/mass% CZnO/mass% CH O/mass% CNaOH/mol kg CZnO /mol kg phase
2

-- ----- --
121.0 14.5 4.8 80.7 5.80 0.73 B
133.5 24.8 15.0 60.2 13.3 3.06 "
145.0 28.6 19.2 52.2 17.7 4.52 "
155.0 31.0 25.8 43.2 23.1 7.34 "
- - - 33.25 29.9 36.85 29.1 9.97 "- - - 43.4 30.0 26.60 52.6 13.9 "
269.0 45.7 27.9 26.40 55.8 13.0 E
315.0 52.31 23.5 24.19 69.8 11.9 "- - - 63.2 16.4 20.40 99.9 9.88 "- - - 68.43 7.9 23.67 93.3 4.10 "

a The mol/kg H20 values were calculated by the compiler.

b The solid phases are: B = ZnO; E = 4[2ZnO·Na20]·3H20.

Table IV. Influence of NaCl on the solubility of ZnO
in aqueous NaOH at 25.0°C. a

CNaOH/mass% CNaCl/mass% CZn/mass%

10.7 ° 1.39
12.6 0 1.9
11.6 15.7 0.95
18.4 0 3.93
18.4 10.7 3.2
23.2 0 5.5
23.2 8.34 4.5
31.5 0 8.0
31.5 2.56 7.86

a The solutions apparently were saturated with respect to NaCl.
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COMPONENTS: ORIGINAL MEASUREMENTS

(1) Zinc oxide; ZnO; [1314-13-2]

(2) Sodium chloride; HaC1; [7647-14-5]

(3) Sodium hydroxide; NaOH; [1310-73-2]

(4) Water; H20; [7732-18-5]

Urazov, G. G.; Lipshits, B. M. Lovchikov,
V. S. T~vetnye Metal. 1956, 29, 37-42.

EXPERIMENTAL VALUES, contd:
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Zinc oxide; ZnO; [1314-13-2]

Woodward, A. E.; Allen, E. R.; Anderson,
(2) Chromium(VI) oxide; cr03; [1333-82-0] R. H. J. Phy.6. Chcr~. 1956, 60, 939-43.

(3) Water; H2O; [7732-18-5]

VARIABLES: PREPARED BY:

Concentration of chromium(VI) oxide at 25°C. T. P. Dirkse

EXPERIMENTAL VALUES:
Composition of equilibrium solutions
of the ZnO-Cr0

3
-H20 system at 25°C.

mass% mass% mass% mass% mass% mass%
ZnO cr03 ZnO cr03 ZnO cr03

0.04 0.08 14.8 35.8 18.6 55.0
0.21 0.34 14.6 35.7 17.9 57.6
0.47 0.90 15.0 36.6 16.3 60.6
0.74 1.37 15.4 36.7 16.5 60.7
0.95 1.89 15.8 37.0 16.4 60.5
1.36 3.40 15.4 36.5 16.0 60.8
1.62 4.75 16.4 39.0 13.4 60.5
2.88 5.54 17.1 40.7 12.5 60.6
2.45 5.20 18.9 42.4 10.3 61.0
2.60 5.72 18.3 43.8 6.9 61.4
2.85 6.01 18.6 45.4 3.6 62.3
3.73 10.0 19.4 46.0
6.00 15.5 19.4 47.0 <0.01 0.004
9.45 22.0 20.5 48.7 < 0.01 0.006

10.1 24.1 21.1 51.0 <0.01 0.005
10.8 26.0 21.1 51. 7 < 0.01 0.002
11.5 27.7 21.1 52.0 <0.01 0.003
12.2 29.5 21.0 52.0 0.288 0.555
12.6 30.1 21.9 50.8 0.979 2.047
14.1 33.6 20.4 52.9 1.442 2.198
15.7 35.1 18.8 53.8 2.191 5.003

The solid phases identified were: 2ZnO'Cr03'H20; 1.5ZnO·Cr03·3H20; ZnO'Cr03'2H20;
ZnO'2Cr03'2H20; Cr03•

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Equilibrium was reached isothermally by
slowly rotating the mixtures in a constant
temperature bath. Equilibrium was determine!
by analysis of samples every 3 to 4 days.
Chromium content was determined
iodometrica1ly (1). Zinc content was
determined volumetrically with KBr03 and
Na2S20

3
(2).

SOURCE AND PURITY OF MATERIALS:
Distilled water was used as solvent. All
materials were of reagent grade quality.

ESTIMATED ERROR:

Duplicate results agreed to within 0.5%.

REFERENCES:
1. Brizzolara, A. A.; Denslow, R. R.;

Rumbe1, S. W. Ind. Eng. Chern. 1937, 29,
656. -----

2. Ko1thoff, I. M.; Sandell, E. B.; Textbook
06 Q.uan.tUa.t.ive 1nOllg an..i.c Ana.ly.6J.A, 3ltd
Ed., The Macmillan Co., New York, 1952,
607. ----
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COMPONENTS:
(1) Zinc oxide; ZnO; [1314-13-2]

Zinc Oxide and Hydroxide

ORIGINAL MEASUREMENTS:
Jager, L. Chern. Pnumy~t. 1957, 7, 544-5.

(2) Sulfur dioxide; 502; [7446-09-5]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of 502'

PREPARED BY:

T. Michalowski

SOURCE AND PURITY OF MATERIALS:
No information is given.

EXPERIMENTAL VALUES:

Solubility of ZnO in aqueous SOZ at ZO.O·C
Solid

mass % ZnO CZnO/mo1
_la

mass % 502 CSOz/mol
_la phasebkg

kg

7.78 1.22 14.10 2.82 A
6.50 0.97 11.05 2.09 "
5.51 0.79 9.14 1.67 "
4.12 0.57 6.62 1.16 "
3.24 0.43 5.18 0.88 "
0.50 0.062 0.63 0.10 "0.45 0.056 0.58 0.091 "
0.39 0.048 0.49 0.077 "
0.10 0.012 0.10 0.016
0.090 0.011 0.086 0.013 B
0.039 0.005 0.024 0.004 "

aCalculated by the compiler.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
A 10% suspension of ZnO in water was placed
in a flask, and nitrogen was passed over it
for liZ hour to remove oxygen. The suspens·on
was treated with 5°2 , the flask was closed
and placed in a thermostat at ZO.O·C.
Equilibrium was reached in 10-14 days. 502
content was determined iodometrically and
zinc content was measured by titration with
EDTA.

ESTIMATED ERROR:

No information is given.

REFERENCES:
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COMPONENTS:
(1) Zinc hydroxide; Zn(OH)2; [20427-58-1]

(2) Hydrogen peroxide; H202 ; [7722-84-1]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of H
2

02 and temperature.

ORIGINAL MEASUREMENTS:
Makarov, S. Z.; Ladeinova, L. V.; lzv~t.

Akad. Nauk SSSR, Otdel. K~. Nauk 1957,
3-17; BuU. Ac.a,d. Suo USSR, Vivo Chern.
Sc.i. (Eltg£.. t1Lalt6£..) 1957, 1-15.

PREPARED BY:

T. P. Dirkse

EXPERIMENTAL VALUES: Composition of saturated solutions of the Zn(OH)2-H202-H20 system
at 30°C.

cH20/wt %
3 % CH 0 /mo1

_la 4 _la
Solid phaseb

10 CznO/wt kg 10 CZnO/mol kg
2 2

- - - 1.03 - - - 1.27 A
1.92 6.08 0.58 7.62 A + B
6.27 4.28 1.97 5.61 B
8.45 8.13 2.71 10.9 "

11.83 10.68 3.95 14.9 "
13.43 12.10 4.56 17.3 "
15.68 24.30 5.47 35.4 B + C
19.89 12.18 7.30 18.7 C
26.09 9.42 10.38 15.7 "
34.60 4.68 15.56 8.80 "
40.74 8.90 20.22 18.5 "
42.18 8.93 21.46 19.0 D
43.00 5.70 22.19 12.3 "
44.18 4.10 23.28 9.02 "
55.27 1.15 36.34 3.16 "
55.77 4.25 37.09 11.8 "
57.16 14.25 39.25 40.9 "
58.33 22.58 41.19 66.6 D + E
62.25 5.57 48.51 18.1 E
67.51 2.43 61.11 9.19 "
78.61 0.78 108.1 4.48 "
82.52 1.98 138.8 13.9 E + F
85.31 0.77 170.8 6.44 F
86.98 0.75 196.5 7.08 "
88.45 0.53 225.2 5.64 "
93.23 0.78 405.0 14.2 "

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Equilibrium was approached isothermally by
stirring the mixtures for 1.5 to 2 hours.
Active oxygen was determined by titration
with KMn04• Zinc content was measured
co10rimetrica11y with dithizone.

SOURCE AND PURITY OF MATERIALS:

The hydrogen peroxide was vacuum distilled.
The Zn(OH)2 was prepared by adding NH40H
to a solut10n of Zn(N03)2'

ESTIMATED ERROR:

The temperature was controlled to within
0.5°C but no other details are given.

REFERENCES:
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COHPONENTS:

(1) Zinc hydroxide, Zn(OH)2; [20427-58-1]

(2) Hydrogen peroxid~, H202; [7722-84-1]

(3) Water, H20, [7732-18-5]

EXPERIMENTAL VALUES. contd.

ORIGINAL MEASUREME~S:

~mkarov, S. Z.; Ladeinova, L. V. Izv~t.

Akad. Nauk SSSR, Otdel. K~. Nauk 1957,
3-17, Bu.U. Ac.ad. SU. USSR, V.i..v. Clienl.
Su. (Eng.e.. .vUtlu.e..) 1957, 1-15.

Composition of saturated solutions of the Zn(OII) 2-H202-1120 system.

CH ° /wt % 103Czno /wt % CH ° /mo1
_la 4 _la Solidbkg 10 CZnO /mo1 kg phase

2 2 2 2
--..---

temp. , 20°C.
---- 1.80 ---- 2.21 A
0.45 0.52 0.13 0.64 "1.67 3.13 0.50 3.91 II

3.48 9.30 1.06 U.8 A + B
4.72 4.18 1.46 5.39 B
7.62 2.19 2.43 2.91 "
9.23 1.87 2.99 2.53 "

12.94 1. 72 4.37 2.43 "
18.19 17.86 6.54 26.8 "21.43 16.23 8.02 25.4 D
26.04 2.14 10.36 3.55 "28.20 1.62 11.55 2.77 "
38.30 1.13 18.26 2.25 "
43.86 2.53 22.98 5.54 "
46.54 10.94 25.61 25.1 D + E
50.66 4.29 30.20 10.7 E
54.00 2.37 34.53 6.33 "
57.50 12.90 39.80 37.3 II

57.98 27.78 40.61 81.3 E + F
60.29 5.42 44.67 16.8 F
72.35 4.23 76.96 18.8 "
83.07 4.44 144.3 32.2 "
86.15 8.31 183.1 73.8 F + G
88.68 3.84 230.4 41. 7 G

a Data converted to mol/kg 1I
2

0 by the compiler.

b A = Zn(OH)2; B = Zn02 '2H20; C = Zn02 ·1.51I20; D = Zn02 'H
2
0; E = Zn0

2
·0.5H

2
0;

F = Zn02; G = Zn02·H
2

0
2

•
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COHPONENTS:
(1) Zinc hydroxide; Zn(OH)2; [20427-58-1]

(2) Hydrogen peroxide; H202; [7722-84-1]

(3) Water; H20; [7732-18-5]

EXPERIMENTAL VALUES, contd.

ORIGINAL MF.A!>lJRF.M"RNT",
Makarov, S. Z.; Ladeinova, L. V. Izvest.

Akad. lJauk SSSR, OtdeZ. Khim. Nauk 1957,
3-17; BuZZ. Acad. Sai. USSR, Div. Chem.
Sai. (EngZ. transz.) 1957, 1-15.

Solid b
phase

Cll ° /wt %
2 2

Composition of saturated solutions of the Zn(OH)2-H202-H20 system.
3 _la 4 _la

10 CZnO/wt % CH ° /mo1 kg 10 CZnO /mo1 kg
2 2

temp., O°C

--- 0.63 ---- 0.77 A
0.07 0.74 0.02 0.91 A + B
3.50 0.44 1.07 0.56 B
6.25 0.39 1.96 0.51 Il

9.08 1.43 2.94 1.93 Il

10.36 3.42 3.40 4.69 "
13.96 3.66 4.77 5.23 "
15.09 9.01 5.23 13.0 B + D
19.42 5.77 7.09 8.80 D
23.83 1.11 9.20 1. 79 "
27.16 2.36 10.97 3.98 "
28.34 5.23 11.63 8.97 D + E
32.10 1.65 13.90 2.99 E
34.74 1.29 15.66 2.43 "
40.24 4.29 19.80 8.82 "
40.93 5.00 20.38 10.4 E + F
43.65 1.98 22.78 4.32 F
43.81 0.63 22.93 1.38 Il

50.77 1.06 30.33 2.65 "
54.83 0.86 35.70 2.34 "
63.77 1.29 51.77 4.37 "
73.82 2.01 82.93 9.43 "
74.38 19.72 85.45 94.6 F + G
79.83 7.76 116.5 47.3 G
90.15 1.05 269.2 13.1 Il

a
Data converted to mol/kg H2O by the compiler.

b A = Zn(OH)2; B = Zn02'2H2O; D = Zn02'H2O; E = Zn02·0.5H2O; F = Zn02; G = Zn02·1l202.
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COHPONENTS: ORIGINAL MEASUREMENTS:

(1) Zinc hydroxide; Zn(OH)2; [20427-58-1] Hakarov, S. Z.; Ladeinova, L. V. lzvut.
Ak.ad. Nauk SSSR, OtdeL KIUm. Nauk 1957,

(2) Hydrogen peroxide, H202 ; [7722-84-1] 3-17; Bute. Acad. Sci. USSR, Vivo Chern.
Sci. (En.g.t. .tJtalU.t.) 1957. 1-15.

(3) Water, H2O; [7732-18-5]

EXPERIMF.NTAL VALUF.S, contd.

Composition of saturated solutions of the Zn(OH)2-H202-H20 system.

CH 0 /wt % 3
CH 0 /mo1

_la 4 _la Solidb
10 CznO/wt % kg 10 C

ZnO
/mo1 kg phase

2 2 2 2
---

temp. , -10°C.

13.80 3.89 4.71 5.54 D
19.04 3.30 6.92 5.01 "
20.43 4.37 7.55 6.75 D + E
21.54 3.22 8.07 5.04 E
22.43 2.75 8.50 4.36 "
28.30 2.16 11.61 3.70 "
35.21 3.84 15.98 7.28 "
35.48 4.80 16.17 9.14 "
36.37 5.30 16.81 10.2 "
38.69 6.61 . 18.56 13.2 E + H
40.67 4.10 20.16 8.49 H
41.62 2.60 20.97 5.47 "
45.22 2.10 24.28 4.71 "
50.74 1.49 30.30 3.72 "
51.62 1.23 31.38 3.12 "
52.43 1.12 32.42 2.89 "
58.51 0.91 41.48 2.69 "
61.38 1.87 46.75 5.95 "
61.89 1.86 47.76 6.00 "
61.93 2.05 47.85 6.62 "
62.32 8.03 48.66 26.2 H + F
64.41 1.40 53.23 4.83 F
66.68 0.62 58.86 2.29 "
70.83 1.84 71.42 7.75 "
72.65 2.30 78.13 10.3 F + G
72.90 1.55 79.12 7.03 G
75.52 1.12 90.73 5.62 "
80.48 1.41 121.3 8.87 "
85.32 1.20 170.9 10.0 "
89.18 0.77 242.4 8.74 "

a Data converted to mol/kg H
2

0 by the compiler.

b D = ZnO 'H O' E = Zn02 ·0.5H2O; F = Zn02 ; G = Zn02 'll202 ; II = zn0
2

·0.5H202 ·I1
2

O.2 2'
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COHPONENTS:

(1) Zinc hydroxide; Zn (OH) 2; [20427-58-1]

(2) Hydrogen peroxide; H202 ; [7722-84-1]

(3) Water, H20, [7732-18-5]

EXPERIMENTAL VALUES, contd.

ORIGINAL MEASUREMENTS:

Makarov, S. Z.; Ladeinova, L. V.; Izvest.
Akad. Nauk SSSR, Otdel. Khim. Nauk 1957,
3-17; Bull. Acad. Sci. USSR, Div. Chem.
Sci. (Engl. t:r>ansl.) 1957_, 1-15

Composition of saturated solutions of

CH ° /wt %
2 2

_la
CH ° /mo1 kg

2 2

the Zn(OH)2-H202-H20

4 _la
10 CZnO /mo1 kg

system.

Solid b
phase

temp. , -20°C

30.09 3.37 12.66 5.92 E
36.87 4.32 17.18 8.41 "
38.96 4.99 18.77 10.0 "
40.23 27.80 19.81 57.2 E + H
41.51 4.03 20.87 8.46 H
41. 74 3.29 21.07 6.94 "
47.52 1.33 26.63 3.11 "
48.03 7.44 27.19 17.6 H + F
48.78 2.79 28.01 6.69 F
54.02 2.02 34.55 5.40 "
56.76 2.13 38.61 6.05 "
63.43 1.50 51.01 5.04 "
63.47 1.36 51.10 4.57 "
64.47 1.65 53.37 5.71 "
66.63 1.20 58.73 4.42 "
69.86 4.07 68.17 1. 51 "
70.78 7.82 71.27 32.9 F + G
71.63 2.98 74.26 12.9 G
71. 71 1.88 74.55 8.16 "
73.31 0.84 80.79 3.87 "
76.25 1.48 94.43 7.66 "
77 .55 2.53 101.6 13.8 G + I
79.23 0.52 112.2 3.08 I
81.66 1.62 131.0 10.9 "

a
Data converted to mol/kg H20 by the compiler.

b
E = Zn02 ·0.5H2O; F = Zn02 ; G = Zn02 'H202 ; H = Zn02·0.5H202 ·H2O;

I = Zn02 ·2H202•
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COMPONENTS:
(1) Zinc oxide; ZnO; [1314-13-2]

(2) Potassium hydroxide; KOH; [1310-58-3]

(3) Water; H20; [7732-18-5]

VARIABLES:
Concentration of KOH and temperature.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Dirkse, T. P. J. Ete~och~l. Soc. 1959,

106, 154.

PREPARED BY:
T. P. Dirkse

Composition of saturated solutions of ZnO in aqueous KOH.

mass% K mol KOH/kg H Oa mass% Zn mol ZnO/kg H Oa
2 2

temp., 44.6°C.
10.05 3.03 0.80 0.15
17.62 6.28 2.30 0.49
22.1 17.83 4.33 1.05
31.8 18.03 7.48 2.54
34.4 22.6 9.29 3.65
34.7 24.4 11.05 4.66
38.6 22.7 0.81 0.28
38.8 23.8 2.03 0.74
38.3 24.1 3.49 1.31
39.1 24.7 2.78 1.05
40.1 25.9 2.29 0.88

temp., 3°C.
7.90 2.30 0.55 0.09

14.01 4.61 1.74 0.34
20.01 7.69 3.82 0.88
21.29 8.44 3.97 0.94
26.9 12.6 5.36 1.50
32.2 18.7 7.89 2.74
32.6 17.4 4.31 1.38

a Calculated by the compiler.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Equilibrium was approached from both
undersaturation and supersaturation. The
mixtures were allowed to stand with
occasional shaking for several months. The
mixtures were contained in Pyrex flasks and
in polyethylene vessels. Zinc content was
determined by titration with K4Fe(CN)6 and
spectrophotometrically with dithizone (1).
Potassium content was determined
colorimetrica1ly with dipicrylamine (2, 3).

SOURCE AND PURITY OF MATERIALS:
C. P. ZnO was added to carbonate-free KOH.
Distilled water was used as solvent.

ESTIMATED ERROR~

Less than 1%.

REFERENCES:
1. Cowling, H.; Miller, E. J. l~d. E~g. Chern.

A~at. Ed. 1941, 13, 145.
2. Amdur, E. 1~CI:"E~g. Chern., A~. Ed.

1940, 12, 731.
3. Faber, R.; Dirkse, T. P. A~at. Chern.

1953, 25, 808.
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COHPONENTS: ORIGIllAL UEASUREHEllTS:

(1) Zinc oxide; ZnO; [1314-13-2 ] Dirkse, T. P. J. Elec;tltoc.hern. Soc.. 1959, 106,
154.

(2) Potassiuc hydroxide; KOTI; [1310-58-3]

(3) Water; 1120; [7732-18-5]

EXPERII1ENTAL VALUES, contd.

Composition of saturated solutions of ZnO in aqueous KOH.

mass% K KOH/kg TI
2
0a a

mol mass% Zn mol ZnO/kg H2O

temp., -20·C.
17.4 6.19 2.38 0.50
18.8 6.94 2.96 0.65
15.4 5.25 2.38 0.48
17.3 6.11 2.28 0.48
21.4 8.48 3.80 0.90
24.3 10.63 5.28 1.38
28.0 12.22 0.95 0.25
28.6 12.45 0.25 0.05

temp., -30·C.
17.1 6.03 2.43 0.51
19.4 7.24 3.04 0.68
17.4 6.19 2.46 0.52
21.9 8.77 3.85 0.92
24 10.3 4.89 1.26
29.9 13.55 0.52 0.14
30.8 14.22 0.32 0.09

temp. , 25·C.
3.66 0.99 0.28 0.05
4.93 1.36 0.48 0.08
8.18 2.39 0.55 0.10

15.0 5.03 1.83 0.37
21.3 8.40 3.61 0.85
21.9 8.75 3.71 0.89
28.9 14.62 6.34 1.92
30.9 17.4,7 8.41 2.85
35.3 24.58 10.20 4.25
36.0 26.71 11.05 4.91
36.1 26.31 10.53 4.59
36.3 24.37 7.91 3.16
36.4 23.09 6.02 2.29
37.7 22.37 2.28 0.00

a Calculated by the compiler.
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COMPONENTS:

(1) Zinc oxide; ZnO; [1314-13-2]

(2) Sodium hydroxide; NaOH; [1310-73-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of sodium hydroxide at
20 ± 0.2°C.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Landsberg, R.; Furtig, H.; Muller, L.
W.w~en. Z. Tec.hn. HOc.Mc.u.f.e 6Wt Chenu.e
Lwna-MeMebWtg 1959/60, 2, 453-8.

PREPARED BY:

T. P. Dirkse

-2 -1The rate of dissolution (mol cm s ) was measured in NaOH
solutions containing varying amounts of dissolved ZnO. For
a given NaOH concentration there was a linear relationship
between the rate of dissolution and the concentration of ZnO.
Extrapolation of this line to zero rate of dissolution gives
the concentration of ZnO at saturation. The results obtained
at 20°C are:

1
2
3
4

0.01
0.045
0.102
0.188

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Small compressed discs of ZnO were prepared,
heated for 5 hours at 1000°C, attached to a
rod which was rotated at 2055 rpm in a NaOH
solution containing dissolved ZnO. The rate
of dissolution of the ZnO in the disc was
measured by taking samples of the solution at
specified times and analyzing them for zinc
content. Analysis was done polarimetrically
in an ammoniacal solution (1).

SOURCE AND PURITY OF MATERIALS:

No information is given except about the
ZnO.

ESTIMATED ERROR:

No information is given.

REFERENCES:

1. Eucken, Z. B. A.; Suhrmann, R. Phy~.

-Chenl. P/taWlwinMuSgaben 1952,
Leipzig. -----
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COMPONENTS:
(1) Zinc hydroxide; Zn(OH)2; [20427-58-1]

(2) Potassium nitrate; KN03; [7757-79-1]

(3) Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:

Schindler, P.; Althaus, H.; Schurch, A.;
Feitknecht, w.-Chunia 1962, 16, 42-4.

VARIABLES: PREPARED BY:

pH of the solvent at 25.0°C. T. P. Dirkse

3 -3 a Zn(OH)2
10 C

Zn
2+/mo1 dm log *KsO prep.

5.02 11. 74 a
3.31 11. 75 b
2.39 11. 75 b
1.94 11. 75 b
1.65 11. 73 b
0.97 11. 77 b
0.48 11.78 a
0.23 11.75 b
0.04 11.73 a

7.018
7.114
7.187
7.228
7.255
7.391
7.549
7.697
8.049

Solubility of Zn(OH)2 in solutions of varying pH at 25.0°C.

pH of
solution

after
saturation

10.00
6.67
5.00
4.00
3.33
2.00
1.00
0.40
0.10

EXPERIMENTAL VALUES:

3 -310 CH+/mol dm
in solution before

reaction with
Zn(OH)2

a -2 + 2+*Kso = (CZn2+) • (CH+) for the reaction eZn(OH)2 (s) + 2H = Zn + 2H20

-3The average log *Kso = 11.75 ± 0.03 at 25°C in 0.2 mol KN03 dm •

-3Using log Kw = -13.70 ± 0.02 at 25°C in 0.2 mol KN01 _dm !~e value of log KsO is
calculated to be -15.65 ± 0.05 at 25°C in 0.2 mol KN0

3
dm •

Using approximations for activity coefficients (3) the value of log Kso at 25°C and
zero ionic strength is calculated to be -16.5 ± 0.1.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The solvent was forced through the solid in
a closed container. This was done 10 to 20
times and the pH of the solvent was
determined by measuring the e.m.f. across
a glass electrode and a Ag/AgCl electrode
immersed in the solvent. After the pH
became constant a sample of the solution
was removed and analyzed for zinc content
by a compleximetric titration. The pH of
the solvent was adjusted by the addition
of HN03• The ionic strength !~ all
solutions was 0.2 mol KN0

3
dm •

SOURCE AND PURITY OF MATERIALS:

All materials were of reagent grade quality.
The e-Zn(OH) was prepared in 2 ways; (a)
by the methoa of Dietrich and Johnston (1);
and (b) by the method described by
Feitknecht (2).

ESTIMATED ERROR:
The authors give no details but the
uncertainty in the final results appears to
be less than 5%.

REFERENCES:
1. Dietrich, H. G.; Johnston, J. J. Am.

Chern. Soc. 1927, 49, 1419.
2. Feitknecht, W. Helv. C~. Acta 1930, 13,

314. -----
3. Guggenheim, E. A. PhU.. Mag. 1935, 19,

588.

"08 V.23-1_
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Zinc oxide; ZnO; [1314-13-2] Laudise, R. A.; Ko1b, E. D. Am. Mi~~.
1963, 48, 642.

(2) Potassium hydroxide; KOH; [1310-58-3]

(3) Water; H20; [7732-18-5]

VARIABLES:

Temperature.

EXPERIMENTAL VALUES:

PREPARED BY:

F. Izumi

-1Solubilities of ZnO in 6.47 mol kg KOH were measured at 55 MPa. They were
4.62% at 360°C and 3.57% at ZOO°C. These values were calculated as (weight of ZnO
dissolved) x 100/(weight of HZO + weight of KOH).

This paper also presents graphical data on solubilities of ZnO in aqueous
solutions of KOH and NaOH.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Solubilities were determined by means of
weight loss determinations carried out on
crystalline ZnO contained in welded platinum
capsules filled with the basic solutions.
The capsules were heated in Tuttle-type
pressure vessels, and the pressure was
established by pumping water into these
vessels.

SOURCE AND PURITY OF MATERIALS:

All materials were of reagent grade
purity. The crystalline ZnO was obtained
by selection from spontaneously nucleated
crystals formed in hydrothermal growth
runs.

ESTIMATED ERROR:
Temperature: within ± 3°C.
Pressure: within ± 3 MPa.
Solubility: within ± 0.09% for 360°C and

within ± 0.16% for 200°C.
REFERENCES:
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COMPONENTS:

(1) Zinc hydroxide; Zn(OH)2; [20427-58-1]

(2) Potassium nitrate; KN0
3

; [7757-79-1]

(3) Water; H20; [7732-18-5]

VARIABLES:

pH_~f the solvent at 25·C in 0.2 mol KN03dm •

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Pinto, L.; Egger, K.; Schindler, P. Helv.
Chhn. Acta 1~63, 46, 425-7.

PREPARED BY:

T. P. Dirkse

Composition of saturated solutions of E-Zn(OH)2
in aqueous solutions of varying pH. a

-log -3 (Czn2+/mol dm-3) b
(CH+/mol dm ) -log log *K 0s

7.939 4.140 11. 74

7.935 4.153 11. 72

7.887 4.06
2 11. 71

7.777
3.81

9 11. 74

7.607
3.50

4
11. 71

7.467
3.22

3 11. 71

7.363
3.02

9 11. 70

7.285
2.84

2 11.73

7.222 2.73
4 11. 71

a This work is a repeat of earlier work (2) except that a more sensitive method is used
for the analysis of zinc.

b *K 0 = (C 2+) • (C +)-2
s Zn H

The average value of log *KsO -3= 11.72 ± 0.02 at 25·C in 2 mol KN0
3

dm

AUXILIARY INFORMATION

HETHOD/APPARATUS/PROCEDURE:
The solvent, containing HN0

3
and KNO , was

passed through samples of solid E-Zn(OH)z in
a closed tube and the pH of the solvent was
determined by measuring the e.m.f. between
a glass electrode and a Ag/AgCl electrode
inserted in the solvent. This process was
repeated until the pH of the solvent became
constant. Then a sample of the solution was
removed and analyzed for zinc cORsent. Zinc
analysis was done by means of a Zn
radioactive tracer. All solution~3had an
ionic strength of 0.2 mol KN03 dm • The
work was carried out only at 25·C.

SOURCE AND PURITY OF MATERIALS:

All materials were of reagent grade
quality. The E-Zn(OH)z was prepared by
the method 'described by others (1).

ESTIMATED ERROR:

The uncertainty in the values appears to be
less than 5%.

REFERENCES:
1. Dietrich, H. G.; Johnston, J. J. Am.

Ch0». Soc. 1927, 49, 1419.
2. Schindler, P.; Althaus, H.; Schurch, A.;

Feitknecht, W. CfwJ1.w. 1962, 16, 42.
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COMPONENTS:

(1) Zinc oxide; ZnO; [1314-13-2]

(2) Sodium perchlorate; NaC104 ; [7601-89-0]

(3) Water; H20; [7732-18-5]

VARIABLES:

Particle size and molar surface area of the
2nO.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Schindler, P.; Althaus, H.; Hofer, F.;
Hinder, W. Hel.v. CfUm. Ac.:ta. 1965, 48,
1204-15.

PREPARED BY:

T. P. Dirkse

Solubility constants of ZnO at 25·C. a

S/m2 b log *K 0 c
s

1290 11.56 ± 0.02
1490 11.54 ± 0.02
1960 11.55 ± 0.02
540 11.47 ± 0.02
870 11.45 ± 0.02
280 11. l12 ± 0.02
40 11.39 ± 0.02

a Each result is the average of 6 to 8 determinations. -3
All results are for a solution containing 0.2 mol NaCl04 dm •

b S is the molar surface area •

•
The above data can be represented by the following equation with a 90% confidence level.

log *K 0 = (11.40 ± 0.04) + (9.0 ± 3.5) x 10-5 S.
s

Using Kw = -13.70 ± 0.02, the following values are calculated:

log Kso = -16.00 ± 0.04 and log K;o = -16.82 ± 0.04.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The ZnO was placed in a column and the
solvent (water containing 0.2 mol NaCl04dm-3) was forced through the column 10 to 20
times until the pH of the solution became
constant. A sample of the solution was
removed and analyzed for zinc content by a
compleximetric titration. The pH was
determined by measuring the e.m.f. across a
glass electrode and a AgC1/Ag electrode
placed in the solution. All measurements
were made at 25.0 ± 0.5·C. The method of
Davies (1) was used to obtain the thermo
dynamic solubility product constant.

SOURCE AND PURITY OF MATERIALS:

The ZnD was prepared (a) by thermal
decomposition of zinc oxalate, (b) by
dehydrating e-Zn(DH)2 at 80·C for 60 hours
in a vacuum over soda lime, and (c) by
adding, with intense stirring, equivalent
quantities of aqueous NaOH and aqueous
Zn(Cl04)2 and allowing the precipitate to
stand for 1 week in contact with the
solution.

ESTIMATED ERROR:
This is indicated for each result that is
reported.

REFERENCES:
1. Davies, C. W. Ion A4~o~Dn,

Butterworths, London 1960, p. 41.
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COMPONENTS:
(1) Zinc oxide; ZnO; [1314-14-2)

ORIGINAL MEASUREMENTS:
Baker, C. T.; Trachtenberg, I. J. EZeotroohem

800. 1967, 114, 1045-6.

(2) Potassium hydroxide; KOH; [1310-58-3)

(3) Water; H20; [7732-18-5]

VARIABLES:
Concentration of KOH and temperature.

EXPERIMENTAL VALUES:

PREPARED BY:
T. P. Dirkse

Table I. Solubility of ZnO in aqueous KOH at 25°C.

_3a -3
CKOH/mol dm CZn/mol dm

25
30
34
36.3

5.5
6.9
8.1
8.7

0.45
0.64
0.83
0.95

aValues of KOH concentration before saturation with ZnO.

Table II. Effect of temperature on the solubility of
ZnO in 36.3 wt % KOH.

-62
-51
-30
-30
-26
-10

o
+26

0.92
0.92
0.95
0.94
0.97
0.92
0.94
0.97

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The mixtures were agitated periodically by
means of an ultrasonic bath over a three-day
span. No details are given for the
analytical procedures. The temperatures
were controlled to within 0.5°C.

SOURCE AND PURITY OF MATERIALS:
Reagent grade materials were used. Care
was taken to exclude CO2, The solvent
was deionized water.

ESTIMATED ERROR:
No details are given.

REFERENCES:
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COMPONENTS:

(1) Zinc hydroxide; Zn(OH)2; [20427-58-1)

(2) Sodium perchlorate; NaCl04 ; [7601-89-0)

(3) Water; H20; [7732-18-5)

ORIGINAL MEASUREMENTS:
Gubeli, A. 0.; Ste. Marie, J. Can. J. Chern.

1967, 45, 827-32.

VARIABLES: PREPARED BY:

pH of the solution at 25°C T. P. Dirkse

EXPERIMENTAL VALUES:

Solubility of Zn(OH)2 as a function of pH at 25°C.

pH pZntot pH pZntot

--- ---
6.84 2.31 9.20 5.29
6.85 2.43 9.70 5.46
6.87 2.38 10.18 5.57
6.90 2.61 10.30 5.37
7.02 2.70 10.58 5.26
7.63 3.96 10.88 4.98
7.82 4.24 11.07 4.64
8.06 4.51 11.10 4.69
8.24 4.63 11.42 4.19
8.48 4.88 11.52 4.06
8.77 5.02 11. 76 3.54
9.10 5.19

The authors assume the following general reaction

Zn2+ + x OH- = Zn(OH)2-x (1)
x

for which r/J = [Zn(OH)2-x) / [Zn2+) [OH-] x (2)
x x

Equation (2), by substitution and rearrangement, becomes

[Zn(OH)2-x ) = r/J K 0 (K )x-2 [H+]2-x (3)
x s w

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
It is not clear whether mixtures were pre
pared using solid Zn(OH)2 or whether Zn(OH)2
was precipitated from solutions of Zn2+ ions.
The solutions contained 65Zn as a radioactive
tracer and were all at an ionic strength of
1 mol dm-3 (maintained by the NaCl04). The
pH of the solutions was adjusted by adding
either HCl04 or NaOH. Mixtures were agitated
for several days in a constant temperature
bath. The solutions were then allowed to
settle for 5 or 6 days. After this, samples
were taken for analysis. Zinc content was
determined by measuring the radioactivity of
the solutions. pH was determined potentio
metrically using calomel and glass electrodes

SOURCE AND PURITY OF MATERIALS:
No information is given. CO2 and O2 were

excluded from the solutions.

ESTIMATED ERROR:

No information is given except as indicated
in the derived values for the various
constants.

REFERENCES:

1. Gubeli, A. 0.; Ste. Marie, J. Can. J.
Chern. 1968, 46, 1707.
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COMPONENTS:

(1) Zinc hydroxide; Zn(OH) 2; [20427-58-1]

ORIGINAL HEASUREHENTS:

Gubeli, A. 0.; Ste. Marie, J. Can. J.
Chern. 1967; 45, 827-32.

(2) Sodium perchlorate, llaCl0
4

, [7601-89-0]

(3) Water, H20, [7732-18-5]

EXPERIllENTAL VALUES: con't

From equation (3)

d log [Zn(OH)2-x
x x-2 (4)

d pH

2-x
[Zn(OH)x ] vs pH
plot then indicate
These species are:

A plot of log
slopes of the
predominant.

is made from the solubility data, Figure 1. The
the pH regions where certain Zn(OH)2-x species are

2+ + x 2-
Zn ,ZnOH, Zn(OH)2' Zn(OlI); and Zn(OH)4'

From the solubility data measurements and substitution in equations similar to (3)
above, enough equations can be written that, when solved simultaneously, give values
for ~x' The values obtained at 25°C are:

P~l -6.31 ± 0.07

P~2 -11.19 ± 0.05

P~3 -14.31 ± 0.06

P~4 -17.70 ± 0.05

The value of pKso (= 16.76 ± 0.03) was obtained from similar work by the authors (1).
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Figure L Solubility of Zn(OH) 2 as a function of pH at 250 C.
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COMPONENTS:

(1) Zinc oxide; ZnO; [1314-13-2]

(2) Sodium sulfide; Na2S; [1313-82-2)

(3) Water; H20; [7732-18-5)

ORIGINAL MEASUREMENTS:

Polyvyannyi, I. R.; Milyutina, N. A.
T4. l~t. Metal. Ob09~hch. AN Kaz. SSR
1967, 21, 3-13.

VARIABLES: PREPARED BY:

Concentration of sodium sulfide at 60.0·C. T. Michalowski

EXPERIMENTAL VALUES:

Solubility of ZnO in aqueous Na2S at 60.0·C.

Initial concentration of Na2S

Density of saturated solution

Equilibrium concentration of Zn

Ionic strength

1.53 mol dm-3

-11.11 g ml

5.5 x 10-3 mol dm-3

4.612 mol dm-3

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Equilibrium was reached isothermally by
agitation for 24 hours. No information
is given about the analytical procedures.

SOURCE AND PURITY OF MATERIALS:

Reagent grade ZnO and Na S used. The
Na

2
S was recrystallized three times.

ESTIMATED ERROR:

No information is given about the
reproducibility of any of the procedures.

REFERENCES:
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COMPONENTS:
(1) Zinc oxide; ZnO; [1314-13-2]

(2) Potassium hydroxide; ROH; [1310-58-3]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of KOH and temperature

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Dyson, W. H.; Schrier, L. A.; Sholette, W. P.

Salkind, A. J. J. Eleatroahem. Soa. 1968,
115, 566-9. .

PREPARED BY:

T. P. Dirkse

Solubility of ZnO in aqueous KOH at 25°C

CKOH/mass %a cZnO/mass % CKOH/mol
-lb

CZnO/mol
-lbkg kg

46 8.3 17.94 2.23

40 6.5 13.33 1.49

35 5.2 10.43 1.07

a This is the KOH concentration before the ZnO was added.

b Data converted to mol/kg H20 by the compiler.

No other numerical data are included in the paper. However, solubility studies were
also made at 10°, 55°, and the temperature range up to 145°C. These data are presented
graphically and indicate that over this temperature range the solubility of ZnO in the
KOH solutions listed in the above table is practically independent of the temperature.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

Excess ZnO was added to KOH solutions satur- Reagent grade materials were used.
ated with ZnO at room temperature. The mix-
tures were agitated for at least 2 days in a
water bath. At the higher temperatures, the
mixtures were contained in stainless steel
bombs. Zinc content was determined by
titration with EDTA. Potassium content (for
KOH) was determined by titrating amperometri-
cally with tetraphenylborate.

ESTIMATED ERROR:
Limits of experimental error were 0.05%
for ZnO and 0.25% for KOH.

REFERENCES:
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COMPONENTS:

(1) Zinc hydroxide; Zn(OH)2; [20427-58-1]

(2) Ammonium hydroxide; rlli40H; [1336-21-6]

(3) Water; H20; [7732-18-5]

VARIABLES:
pH and concentration of ammonium hydroxide

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Gube1i, A.D.; Ste. Marie, J. Can. J. Chern.
1968, 46, 1707-14.

PREPARED BY:
T. P. Dirkse

Solubility of Zn(OH)2 as a function of pH in the presence of NH
3

•

INFORMATION

C -3
Nth/mol dm

C -3
NH/mo1 dm pH

--
0.005 6.80

" 6.87
" 7.30
" 7.69
" 7.71
" 7.95
" 8.48
" 8.96
" 9.60
" 10.63
" 11.35
" 11.94
" 12.00
" 12.02

0.02 6.63
" 6.80
" 6.87
" 6.88
" 6.92
" 6.94
" 7.05
" 7.07

I.jl

pZn

2.49
2.71
3.58
4.06
4.22
4.79
5.41
5.81
5.75
5.27
4.76
4.23
4.11
4.11

2.14
2.19
2.24
2.31
2.50
2.63
2.95
2.90

j. b':AUXILIARY

0.02
"
"
"
"
"
"
"
"

0.04
"
"
"
"
"
"
"
"
"
"
"
"

pH pZn

-- ---
8.27 4.89
8.83 4.63
8.89 4.62
9.04 4.59
9.25 4.48
9.67 4.59
9.82 4.53

11.12 4.22
12.08 3.48

8.64 3.74
8.76 3.68
8.87 3.64
9.08 3.55
9.20 3.49
9.33 3.41
9.46 3.36
9.60 3.38
9.68 3.55
9.80 3.61

10.64 3.93
11.15 3.68
12.31 2.84
12.47 2.75

METHOD/APPARATUS/PROCEDURE:
Three series of solutions were prepared.
These series contained NH40H concentrations
of 0.005, 0.02 and 0.04 mol dm-3• The total
ionic strength of each solution was 1 mol
dm-3 and was attained by the presence of
NaC104 • These solutions were equilibrated
with solid Zn(OH) by vigorous agitation
for several days fn a constant temperature
bath at 25°C. After the solutions were
quiescent for 5 or 6 days, samples were
taken for analysis. pH was determined with
a glass electrode. Zinc content was de
termined by counting of radioactivity due
to 65Zn • The pH was adjusted by adding
either HC104 or NaOH.

SOURCE AND PURITY OF MATERIALS:
No information is given.

ESTIMATED ERROR~

No information is given.

REFERENCES:



Zinc Oxide and Hydroxide 255

COHPONENTS:
(1) Zinc hydroxide; Zn(OH)2; [20427-58-1)

(2) Ammonium hydroxide; NH40H; [1336-21-6)

(3) Water; H20, [7732-18-5]

ADDITIONAL COMMENTS:

ORIGINAL MEASUREMENTS:

Gubeli, A. 0.; Ste. Marie, J. Can. J. Chern.
196i, 46, 1707-14.

The authors analyzed these results by writing general equations for the formation of all
possible Zn(OH) (NH1) compounds. From these equations they calculated the theoretical
slopes of the C~ vs pH and Cz vs pNH plots for each of these compounds. Comparing
these theoreticaY slopes with Phose ob~ained experimentally they concluded that, within
the limits of pH and pNH32¥sed in this study, the main species are: Zn(OH)2'
Zn(OH)3(NH,) and Zn(NH3)4' Basic to this is the assumption that zinc has a coordination
number of ii.

Using the appropriate experimental data, the authors then deduced values for various
constants associated with these compounds.

Fo: Zn(OH)2 t~ey dedu:ed pKso2= 16.76 ± 0.03 at 25°C. This was based on 15 experimental
po~nts. Kso - CZn2+ (aOH-)'

2+The value of the formation constant of Zn(NH3)4 was calculated from 10 experimental
points and the result is given as PK

04
= -10.84 ± 0.13 at 25°C.

The value for the formation constant of Zn(OH)3(NH3)- was calculated from 7 experimental
points and the result is given as PK31 = -16.9ii ± 0.04 at 25°C.
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COMPONENTS:
(1) Zinc hydroxide; Zn(OH)2; [20427-58-1]

(2) Magnesium chloride; MgC12; [7786-30-3]

(3) Water; H20; [7732-18-5]

VARIABLES:
Concentration of MgC12 at temperatures of
20, 40, 60 and 80°C.

ORIGINAL MEASUREMENTS:
Adilova, A. A.; Taraskin, D. A. T4. In6t.

Me.t. ObogMhc.h., Akad. Nauk Kaz. SSR
1969, 30, 45-6.

PREPARED BY:

T. Michalowski

EXPERIMENTAL VALUES:
Solubility of Zn(OH)2 in aqueous MgC12•

t/oC -3 -3 -3 a
CM Cl /mol

-3 a
CZ/g dm CM Cl /g dm Cz/mol dm dm pH

g 2 g 2
-- --

20 0.001 52.1 -5 0.547 8.051.5 x 10_520 0.005 128.2 7.7 x 10 1.346 7.80
20 0.330 175.0 0.0050 1.838 7.09
20 3.860 283.8 0.059 2.980 6.76

40 0.001 53.3 -5 0.560 7.961.5 x 10
40 0.080 122.0 0.0012 1.281 7.72
40 1.530 187.4 0.023 1.968 7.03
40 4.530 288.0 0.069 3.024 6.73

60 0.002 51.8 -5 0.544 7.913.1 x 10
60 0.150 129.3 0.0023 1.358 7.67
60 1.780 183.9 0.027 1.931 6.75
60 4.820 289.1 0.074 3.036 6.68

80 0.003 52.3 -5 0.549 7.904.6 x 10
80 0.180 117.8 0.0028 1.237 7.48
80 2.070 182.5 0.032 1.916 6.61
80 5.480 287.2 0.084 3.016 6.63

a Calculated by the editor.

Editor's note: There is no indication that the precipitate was analyzed and shown to
be Zn(OH)2'

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Mixtures of Zn(OH)2 and MgC12 solutions were
agitated in a thermostated (±O.lOC) flask
for 11 hours. After filtration the filtrate
was analyzed for zinc by polarography. No
details are given as to how the pH was
measured.

SOURCE AND PURITY OF MATERIALS:
Zn(OH)2 was prepared by using equivalent
amounts of ZnC12 (analytical grade) and
NaOH. The precipitate was washed
repeatedly with water. The MgC12 (a pure
grade) was recrystallized before being
used.

ESTIMATED ERROR:

No details are given.

REFERENCES:



Zinc Oxide and Hydroxide 257

COMPONENTS:

(1) Zinc oxide; ZnO; [1314-13-2]

(2) Glycine; C2H5N02; [56-40-6]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of glycine.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Gorzelany, W.; Kulikow, E.; Jablonski, Z.
Rocz. Chern. ~, 46, 781-6.

PREPARED BY:
T. Michalowski

Solubility of ZnO in aqueous solutions of glycine.

CglYcin/mol
-3

CZnO/mol
-3 4 _3a

dm dm 10 CGL-/mol dm pH

---
0.01 0.002 1.42 7.95
0.05 0.014 5.60 7.85
0.10 0.034 7.92 7.70
0.15 0.054 9.68 7.61
0.20 0.075 11.20 7.55
0.25 0.097 12.50 7.50
0.30 0.118 14.30 7.48

a GL- is the C
2
H

4
NO; ion.

On the basis of the above results and some work with paper electrophoresis,
the authors conclude that the following complexes are formed: ZnGL2 and
ZnGL2(OH)~-.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
The mixtures were placed in closed flasks
at 22°C and shaken. Equilibrium was reached
in 8 to 10 hours. The zinc content of the
saturated solutions was determined by
titration with EDTA. The concentration of
the C2H4NO; ion was calculated from the pH
and tfie ac~d disso~f8tion constant of
glycine (1.58 x 10 ).

SOURCE AND PURITY OF MATERIALS:
The water was doubly distilled. The
glycine and ZnO were of analytical grade.

ESTIMATED ERROR:

No information is given.

REFERENCES:
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COMPONENTS:

(1) Zinc oxide; ZnO; [13l4-l3-Z]

(Z) Phosphoric acid; H3P04; [7664-38-Z]

(3) Water; HZO; [773Z-l8-5]

VARIABLES:

Concentration of phosphoric acid at Z5°C.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Kozina, T. M.; Lepilina, R. G.; Zh. P4iklad.
KILbn. 1973, 46, 81Z-6; J. App~ed Chern.
USSR IEngL .:tJut1U>R..) 1973, 46, 861-4.

PREPARED BY:

T. P. Dirkse

Composition of solutions of the ZnO-PZ0
5
-H

Z
O system at Z5°C.

mass % PZ05 mass % ZnO Cp 0 /mol
_la

CZnO/mol
_la

kg kg
Z 5

60 4.0 11.73 1.37

60.5 3.4 11.80 1.16

61 Z.8 11.86 0.95

64.5 Z.Z 13.64 0.81

a The data were converted to mol/kg HZO by the compiler.

The purpose of this work was to establish the conditions under which various
zinc phosphates would crystallize out of solution. For the solutions described
in the above Table, the solid phase was Zn(HZP04)2'ZH3P04' Other zinc phosphates
are discussed in the article. However, the condiEions described for the
crystallization of these other zinc phosphates did not involve the solubilities
of either ZnO or Zn(OH)Z'

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
Equilibrium was approached isothermally in a
closed reactor with intensive stirring.
Equilibrium was verified by chemical analysis
every 3 to 6 hours. The zinc content was
determined by a compleximetric titration.
P

Z
0

5
was determined by differential

colorimetry of the phosphovanadomolybdate
complex (1).

SOURCE AND PURITY OF MATERIALS:

No details are given except that 95%
phosphoric acid was used.

ESTIMATED ERROR:

No details are given.

REFERENCES:

1. Moizhes, I. B.; Kuz'menko, M. V.;
Kushnir, V. 1. FO,6nOll.lUtya. PILom. 1970,
3.
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COMPONENTS: •
(1) Zinc oxide; ZnO; [1314-13-2]

(2) 2,2',2"-nitrilotriethanol; C6H15N03;
[102-71-6]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of the 2,2',2"-nitrilotri
ethanol.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:
Mikulski, T.; Kwiecinska, A. P4. Nauk, In6t.

Chem. N.<.e04g. Met. P-i..~tkow RzadUch
Potitech. W40claw 1973, 16, 253-7.

PREPARED BY:
T. Michalowski

Solubility of ZnO in aqueous 2,2',2"-nitrilotriethanol.

_la
cTEA/mol

_3a ,b -1
CZnO/mol

_3b
cTEA/g 1 dm CZnO/g 1 dm

50 0.34 0.065 -48.0 x 10_
3100 0.67 0.21 2.6 x 10_
3200 1.34 0.65 8.0 x 10

a TEA (triethanolamine) is the 2,2',2"-nitrilotriethanol.

b Calculated by the compiler.

The solubility of ZnO was also measured in aqueous solutions of ethylene
diamine and of 2-aminoethanol (monoethanolamine), but these data
(4 experimental points for each system) are given only in graphical form.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

~he samples of ZnO were placed in conical No information is given.
~lasks, treated with solutions of the amine
~nd shaken for 1 hour on a mechanical shaker.
~fter centrifugation, the quantity of zinc
'n solution was determined by titration with
~DTA. No temperature is specified.

ESTIMATED ERROR:

No information is given.

REFERENCES:
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COMPONENTS:
(1) Zinc hydroxide; Zn(OH)2; [20427-58-1]

(2) Sodium hydroxide; NaOH; [1310-73-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of NaOH and age of Zn(OH)2
precipitate at 25°C.

ORIGINAL MEASUREMENTS:
Ponomaryeva, E. I.; Solovyeva, V. D.;

Svirchevskaya, E. G.; Orlova, L.F.;
Yusupova, E. N. Pr. Inst. Metal Obogashah.
Akad. Nauk Kaz. SSE 1973, 49, 59-65.

PREPARED BY:

T. Michalowski

EXPERIMENTAL VALUES:

Solubility of Zn(OH)2 in NaOH solutions at 25°C. a

Solid phase 5 mol NaOH dm-3 7.5 mol NaOH dm-3

Freshly precipitated
Zn(OH)2

Zn(OH)2aged for

1 month

Zn(OH)2 aged for

6 months

-339.2 g dm

-332.7 g dm

-329.9 g dm

-380.1 g dm

-360.0 g dm

56.0 g dm-3

In another experiment using only 7.5 mol NaOH dm-3

for 30 days, the following results are reported.

Freshly precipitated
Zn(OH)2

Zn(OH)2 aged for

1 month

Zn(OH)2 aged for

6 months

as solvent and shaking the mixture

-380.0 g dm

-378.2 g dm

-374.9 g dm

a -3
There is no indication whether the g dm values refer to Zn, ZnO, or Zn(OH)2'

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Equilibrium was reached isothermally at room The Zn(OH)2 presumably was prepared by the
temperature (said to be 25°C) by shaking for addition of NaOH to a solution of ZnSO (1).
60 days on a mechanical shaker. No informa- The precipitate was washed twice with ~is
tion is given about any analytical procedure! .tilled water. It was kept in a moist state

in a closed flask.

ESTIMATED ERROR:

This ,cannot be estimated because of lack
of sufficient information.

REFERENCES:
1. Soloveva, V. D.; Bobrova, V. V.;

Orlova, L. F.; Adeyschvili, E. U.
Pr. Inst. Metal. Obogashah. Akad.
Nauk Kaz. SSE 1973, 49, 45.
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COMPONENTS:
(1) Zinc oxide; ZnO; [1314-13-2]

(2) Sodium hydroxide; NaOH; [1310-73-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of NaOH and temperature.

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Khodakovskii, I. L.; Ye1kin, A.E.
Geokhimiya 1975·, No. 10, 1490-8;
Geoehem. Int. (EngZ. transZ.J 1975,
12, 127-33. ----

PREPARED BY:

T. P. Dirkse

Solubility of ZnO in aqueous NaOH

6 -110 CZn/mo1 kg

CNaOH/mo1 -1 100°C 150°C 200°Ckg

0.00 31 ± 3 43 + 15 49 + 8
0.00045 1.8 4.6 +- 1.5 6:-9
0.0016 2.8 + 0.4 3.1 4.9 + 1.0
0.005 6:-1 7.6 6.9 + 1.5
0.0095 U.5 + 0.5 13.8 13.8 + 2.5
0.018 ----- 27.8 -----
0.0246 ----- 37.4 + 0.8 -----
0.0435 64 + 10 - 84 + 8-----
0.058 - 93.9 ------ -----
0.076 ----- 137.7 -----
0.087 127 164 192 + 2

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The mixtures were contained in an autoclave
and the pressure was approximately the
saturated vapor pressure of pure water at
the working temperature. Equilibrium was
determined by analysis for zinc content.
This was done by atomic absorption spectro
photometry.

SOURCE AND PURITY OF MATERIALS:

Double distilled water was used. The NaOH
solutions were carbonate-free. No other
details concerning purity are given.

ESTIMATED ERROR:
No details are given but the results given
in the Table are averages of up to four
separate determinations.

REFERENCES:
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COMPONENTS:
(1) Zinc oxide; ZnO; [1314-13-2]

(2) Arsenic(V) oxide; As 20S; [1303-28-2]

(3) Water; H20; [7732-18-5]

VARIABLES:

Concentration of As
2
0

S
at 20·C.

ORIGINAL MEASUREMENTS:
E1ghorche-Choubani, C.; Kbir-Ariguib, N.;

Saugier-Cohen Adad, M. Butt. Soc. C~.

F~. 1981, No. 7-8, 305-8.

PREPARED BY:

T. P. Dirkse

EXPERIMENTAL VALUES:

Composition of equilibrium solutions of the ZnO-As20S-H20 system at 20·C.

mass % As20S mass % ZnO
Solida

CA ° /mo1
_lb

CZnO/mol
_lb

phase
s2 5

kg kg

---
0.2 - - - A 0.0087 - - -
0.3 0.2 " 0.013 0.025
0.3 0.2 A+B 0.013 0.025
0.4 0.1 B 0.017 0.012
0.4 0.1 " 0.017 0.012
0.4 0.2 B + C 0.018 0.025
0.4 0.2 C 0.018 0.025
0.5 0.3 " 0.022 0.037
0.5 0.4 C + D 0.022 0.050
0.6 0.4 D 0.026 0.050
0.7 0.3 " 0.031 0.037
0.8 0.2 " 0.035 0.025
2.5 0.4 " 0.112 0.051
3.0 0.4 " 0.135 0.051
3.7 1.3 " 0.169 0.168

a A = SZnO.As2OS·HzO; B = 4ZnO'As2OS'H2O; C = 3ZnO·AszOs·8H2O; D = 2ZnO'As2OS·3H2O.

b The data were converted to mol/kg H20 by the compiler.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Mixtures of ZnO and aqueous AS20~ were
allowed to reach equilibrium isoEhermally.
This sometimes required several months.
Zinc content was determined by a
compleximetric titration. Arsenic was
determined by an iodometric titration (1).
The composition of the solid phases was
determined by the wet-residues method of
Schreinemakers.

SOURCE AND PURITY OF MATERIALS:

The ZnO was of reagent grade quality.
As

2
0

S
was prepared by the oxidation of

As20
3

(2).

ESTIMATED ERROR:

No details are given

REFERENCES:
1. Fleury, P. J. Pharom. C~. 1920, 21,

385.

2. Guerin, H. Butt. Soc. C~. F~. 1955,
1536.
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Zinc oxide; ZnO; [1314-13-2] E1ghorche-Choubani, C.; Kbir-Ariguib, N.;
Saugier-Cohen Adad, M. BuLe.. Soc.. ChAm. F1l..

(2) Arsenic(V) oxide; As 2OS; [1303-28-2] 1981, No. 7-8, 305-8.

(3) 'later; H2O; [7732-18-5]

EXPERIMENTAL VALUES, contd.

Composition of equilibrium solutions of the ZnO-As2OS-H2O system at 20°C.

mass % As20S

Solida
CA ° /mo1

_lb
CZnO/mo1

_lb
mass % ZnO phase kg kg

s2 5
---

6.3 1.2 D 0.296 0.159
14.1 3.2 II 0.742 0.475
26.8 3.5 II 1.67 0.617
38.8 3.6 II 2.93 0.768
47.5 3.9 II 4.25 0.986
56.1 2.3 II 5.87 0.679
59.6 2.3 II 6.81 0.742
62.2 2.3 D + E 7.62 0.796
64.0 0.7 E 7.89 0.244
66.3 0.5 II 8.69 0.185
67.6 0.5 II 9.22 0.193
67.8 ° F 9.16 - - -
68.6 0.3 II 9.60 0.119
69.8 0.8 G 10.33 0.334
69.0 0. H 9.68 - - -
65.4 0.6 I 8.37 0.217

a D = 2znO'As2OS'3H2O; E = ZnO'2As2OS'8H2O; F = ZnO'2As20S'61120; G = ZnO'2As2O
S

'3H2O;

H = ZnO·2As 2OS·1.SH2O; I = ZnO·2As2OS·10H2O.

b The data were converted to mol/kg H20 by the compiler.


